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APPENDIX A 


SUPPLEMENTARY DISCUSSIONS 


Dynamics of a Ducted Meter 


Response to a Step Input =-=- In discussing the dynamic characteristics of 
the ducted meter in chapter II, there is frequent mention of the terms "time 
constant", "response time", and "frequency response". Since these terms are 
often used (and also misused) in discussions of fluid flow sensors, it is 
desirable to clarify these meanings as they apply to the wave meters. The 
first step is to derive the relation for instrument response to a step in= 
crease in the driving force function. 


The equation of motion representing the balance of forces on a ducted 
meter system can be written as: 


T$=-Kw+ uw 5 (A-1) 
A B (a 


where I is the moment of inertia of the impeller (gm em”), W is the instan- 
taneous angular velocity (sec 5 uis the velocity of fluid through the meter, 
and K and K, are proportionality constants. 


Equation (A=1) represents the inertial force (term A) as equal to the sum 
of the drag force (B) produced by the impeller as it spins in the fluid and 
the dynamic thrust (C) caused bythe moving fluid on the impeller. In other 
words, the drag force (B) is merely the reaction to the impressed force (C). 


To investigate the solution w(t), one must rewrite equation (A-1) in 
the form: 


dw , Ki bts 
de) ee Sete. (Ae2) 


The initial conditions are given by: 


) (t) = u(t) = o t€O 3 and 
(A=3) 
u(t) =U, = constant +t 30. 


These conditions imply that the driving velocity Up is applied instantaneously 
to the impeller at time t = 0. The solution to equation (A-2) is obtained by 
substitution of: 


ww + Key ; (Ash) 
\ 
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giving 


dw’  Kadulrhi o_ As5 
de te det pw 7O- ba 


From conditions (A-3), the time derivative of UL is zero, producing the homo=- 
geneous equation: 


' 
Ga + Bul co, (a-6) 
Solving equation (A-6): 
5 ph 
wt ey iee as (A-7) 


where K, is an integration constant. Substituting this in equation (A-4) yields 
the complete solution: 
= boos 
Wek, CF + u (a-8) 
| 


o 


At time t=0, from the initial conditions (A-3), one can evaluate: 


By syore Un an 
Thus : = Ke 
kK; i Ke 


This is the general solution of (A-2), which contains the sum of the transient 
and steady state’ solutions. 


It is evident that: 


LIM Wt) = “Ur =<Wr . (A-11) 
tra ' 


For steady flow, the frequency of the impeller is directly proportional to the 
linear speed Up. This important property is borne out by the calibration 
curves of the three ducted meter systems in figures II-5, II-9, and II-20. 


Az2 
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Referring to chapter II, the ducted meter is subjected to a step input of 
velocity Up at a point in time where: 


Th L = Tr , (A-12) 
Ky 
In equation (A-10) G) (+) can be evaluated, utilizing (A=11), as: 
w(t) =wi = Ke up (1-5) = 6366h - (A=13) 


Ky Ky 


The value T, = I/K, is defined as the response time. Likewise, tT=1 (seco) 
may be defined as the frequency response. Generally speaking, the instrument 
is incapable of registering fluctuations in flow greater than T.-L cps. The 
dividing line is completely arbitrary. However, for OMDUM III, having T, = 
6C) milliseconds, this response time is surely small enough to observe fluctu= 
ations due to surface waves which are of the order of 3000-4000 milliseconds. 


Response to a Sinusoidal Input == The next step is to examine the response 
characteristics of the ducted meter to a sinusoidal driving function, which 
might be crudely compared to a single Fourier component of an ocean wave. 

One can assume the same equation of motion given in equation (A=2), except 
that u is given as a sinusoidal function. Thus, instead of (A=2): 


dw Ki 2 = 
ae © *2 cos S&t. (A=1}) 


The SLis the driving frequency given by 21 Te’ 3 where Te is the period of the 
forcing function on the right hand side of (A-14). 


letting Kj /I =o, the auxiliary equation becomes: 
a t 
w= Ae Se ’ (A=15) 


It is assumed that A=A(t) can serve as part of the solution to equation (A-14). 
Substituting (A=15) into (A-14), with the necessary adjustment, gives: 


A=3 
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The term B is an integration constant. Substituting (A-16) into (A-15) and 
integrating: 


No COSNt ER sIN AE -2et 
ag St, + $ 
(A!) (8') 
or simplifying with trigonometric relationships; 
- Kot 
Cos (Rt T . A-18 
== cor os (Rt) + Be (A-18) 
4-9) 
Equation (A=12) has been used in anaes to define; 
* = ARCTAN = = ARCTAN Tr. (A=19) 
tp 


As with the solution (A-10) for response to a step function, solution (A-18) 
contains a steady oscillatory component term (A') and a time variable solution 
term (B'). The angle @& can be thought of as the phase shift angle between 
the response function W and the driving function KOS Ne . It is clear 
from (A-19) that the phase angle & increases with an increasing time constant 
T,- Likewise, for a system with a constant T,, the phase angle og increases 
as the frequency of the driving function. Also, the amplitude of the instru- 
ment response decreases as {\U increases. 


In chapter II a test was made of the response of OMDUM II to a vertical 
oscillation. The period of oscillation was about 0.7 second. The phase angle 
ov was found to be about 12°. Substituting these values into equation (A-19) 
written as 


TANS 
i aka (A-20) 


results in tr 24 milliseconds. This value for Ty is somewhat lower than the 
value obtained for OMDUM III by the method described in (A=-1). 


Relationship Between Instrument Output and Driving Motion Spectra =- The 


measurement in ocean waves using the ducted meters provides a time series record 
of the angular velocity vector of each impeller. From the time variable magni- 
tude and direction of this vector one can infer, on the basis of steady flow 
and response time calibrations, an estimate of the Eulerian particle velocity 

at the position of the meter system. From this velocity data one can estimate 
averages, auto-covariance, covariance, and their related spectral functions. 

The accuracy of the statistical description of the actual motions is based on 
the assumption that the statistics of the impeller motion can be identified with 
statistics of ambient random motions driving the impellers. A simple analysis 
can be made of the criteria by which one can justify the correspondence of the 
Statistics of the angular velocity vector with the particle velocity vector. 


Axl 
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Write the equation of motion (A-1) in the form: 
dpe ue ale 
Teese ae = ult) 3; ep 


where u(t) is..considered to be a quasirrandom function of time. The functions ‘on a t) 
and u(t) may be written as the complex Fourier integrals: 


6 6 
woes f oe dw/v) (A=22) 
= 0 
and 
"5) ‘apt 
aed | eo dt). “ices 
- 


The term-/ represents angular frequency, and dW (V) anddZ (¥v) are increments 
in the quasierandom complex functions w (v) and #@ (wv). These functions have 
the following properties: 


Lim d W lt) IW(a) 
dy =-dv, =dv 0 ig a ae ae 
\ A-2 
aa Z1M dey) d12-(») f ( ) 
dy, = a = dv 20d z z 2 
dv 
4 
Ano: Lim dw“(v) div&) : 
z fie 7 
dv 
rd 
Lin dz"lvy) dz 
: fone ERY BG), we) 


The asterisk indicates the complex conjugate, and Ce) ana Peo) represent the 
energy density of the spectrum functions of W(t) and u(t), respectively (see 
Batchelor, 1953). 


) Substituting equations (A=22) and (A=23) into (A-21), and remembering that 
dw (w) andd2() are independent of t, the result is: 


Ax) 


or simply 
(A=28) 


Dividing (A-28) by dv and multiplying both sides of the equation by the respec= 
tive complex conjugates gives: 


fife Ts") Dre nelies 
me mee ey * eo 
Taking the limit of (A=29) as dv90, we have from equations (A=25) and (A-26): 


 ) (iz pL) PA), (A-30) 


Equation (A=-30) gives the relation between the spectra of quasi-random function 
u(t) and the spectrum of impeller rotational response W& (t). 


The next relationship to be examined is between the auto-covariance functions 
of both the turbulent velocity fluctuations u(t) and the impeller response 
function W (t). In order to compare the response of each function at an instant 
T and at a later time 7 , we must determine the relation between the auto- 
covariance functions given by: 


duit) = ult)ul(ery) (a=31) 
and b, (1) = wlt) wl é+7) rs (A-32) 


These functions are defined in chapter III. 


It is relation (A-32) that is actually measured. From this, (A-31) is inter- 
preted and the spectrum function @(~) inferred. From equations (A=15) and 
(A-16), and the properties (A+18) and (A=-19): a 


ON 


fe 
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oS UJ 
U(t) ulcer) = { Ei) "dv, (A-33) 
fF 
and 
68 Dt a 
Wd Ce) wlttT) = if Py a im du, (A-3}) 
-Co 


Thus, the auto-covariance, as shown in chapter III, is the sae beens tort 
of the spectrum function. Substituting equation (A=23) into (A-26 


—————— 29 IVT 
(7) = Wet) w(t*7) = ae e (A=35) 

Letting a=) ei 
“oir > (1-36) 


and since 


—,=sl- 
ve eye Urdy2 ° 


equation (A-35) may be written in the form: 


Ke x vy oe 
PulT) = Fas fay €  \l- Fara] dy 5 


or (9 = Fh B,(1)- ("ws dene! Bo) el” (A317) 
w =i) 7 sr dv. 
Now: : 2 tur 
iow cyte s, ec 
a Vay T 
Ka Kid? O(we 
° S ee T —= = —————— dv 
aa Pu) = igs aa were 


(A=38) 


5 bins Said + pid . 


As‘ 
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This may be written: 
ae iid 
halt) = ie } duc) 2.8, $.,(7)| (4-39) 


This equation provides a simple relationship of the auto-covariance of the 
driving motion u(t) with that of the instrument response function &(t). 


Since T, = K, (I)=1 and, from (A-12), equals (T,)=1, the limit may be 
written: 


af 
bi ain = bute). 


Of course, this limiting condition (T,%0) is not very realistic, since, for 
any instrument, T, is finite. 


Examining the relation (A=-39) further =- the formal equation for A) may 
be written, from (III=-24): 


Wa 
b(n) = LIM + ( wie) Beenie. fees 
tT 


Lee (1960) shows that the second derivative of P (Dis given as: 


T 
2 r 
d*Puld — LIM I ( “gue du(ete) | 

nS ye a (G —— eS —EEEEEE € e (A=42) 

dee Uo d¢ dt 
=Tiy 

The second derivative of the auto-covariance function is another auto-covari= 
ance function of the derivative of @jt) except for the negative sign. ‘Thus, 


in (A=39) the correction term 2 
=, £, Pus) 


is a positive bias in relation to the estimate of di (0- The probable magnitudes 
of the derivative term with respect to the auto=covariance in equation (A=-39) can 
now be examined. Assume that the driving function Wis represented simply as: 


W= SINE 4) (a-43) 


where 2 is the frequency of the oscillation. The auto-covariance function is 
Pu(T) 9 Which is approximated by: 


’ Ta 
(0) =4 SIN DE SINR(EtT)d 7, (a-lt) 
he 


A=-8 
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Integration gives: 


(7) = 7 cos QT ° (A=45) 


The second derivative of b (0) is given by: 


. T. 
d* ult) _ — Vs 27, (a=l6) 
any 
The derivative term in (A-39) may be neglected if: 
= 2 
L 3? oe a> =e (A-l7) 
2ae Ve 
Since -f2 = 21T (7)! (where 1T,, is the period of the oscillation), and -% = 
Ki(@)=2 = (t,)-15 then from (A=47 


> ane Ae 
miu Th ® 


As shown in chapter IV, Ty for the wave meters was roughly 50 milliseconds. 
If the dominant period of driving oscillations of wind waves is about 4000 
milliseconds (4 sec), then: 


wa 0°04. 


Thus, if the auto-covariance function is of the form given by (A=43), then the 
error in the estimate of ©(0) in equation (A=39) will be about 4 percent too 
small. 


This simple example is given only to demonstrate that the relative magni- 
tudes of the instrument frequency response and the dominant frequencies of the 
driving motions must be considered in providing an accurate statistical analy=- 
sis of the motions. Thus, both the spectrum function and auto-covariance of 
the driving functions can be evaluated to an accuracy which is unavoidably 
dependent upon the amount by which the instrument response exceed the ambient 
driving frequencies. 


Amplitude Probability Distribution of Sinusoidal Waves 


Consider a wavy ocean surface made up of an ensemble of Fourier components 
of equal amplitude and frequency, but of random phase. Two of the waves are 
pictured in figure A-1, The random parameter in the waves is the phase angle 
with respect to time t = 0. Iettingo¢ be the random phase angle of the wave 
with an angular frequency (2; , and having an amplitude A, the random amplitude 
/] of the wave at t = t, is expressed by: 


A=9 
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at) = A sin (2,0, +), (A-48) 


Given the probability density of of , the probability density of the random 
variable @ can be estimated. ‘In other words, the aim is to estimate the 
instantaneous amplitude of the wave at t = t,, using the knowledge of the pro- 
Gee density of the phase angle. The method used here is discussed by Lee 

1960)» 


The phase angle & need only be specified between 0 and 27%. Iet the 
probability density of x be Fy (y); and that of y be Pa(x). For every 


value of 4 in its range (-A,A), there are two possible values of oY in its 
range (0,21), except when Gy) oH 


Letting ig eat x (A=49) 


equation (A=-48) becomes; 
a: ASIN Se (A=50) 


where the range of C¢ is (2,5,2%% +21 ). The relation between the range 
of variables of X and 4 of the random variables % and § is thus: 


x = A SIN Zz > (A=51) 


where 


2= 2, tty - (A=52) 


Assuming that 2, and 4, are two solutions of (A=51) for 2 in the interval 
(W2,t,,2.t) + 217 ); then: 


Pixon éx-+dx) -?@¢ 6 <2td2)4P(2.¢Sde+da) (A=53) 


This equation states that an event of y occurring in (x, x+dx) is dependent 
upor the event of § occurring in (2 2,tdt) and (2,22+d%) and nowhere else. 
If there were only one solution of (A=51), only one term would appear on the 


right side of (A=53). Equation (A-53) leads to: 


A=10 


) 
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Py ix)dx = Fe (2i)de + Pele)de . (Aq5h) 


Here, Pe(®) is the probability density of § . It can be shown (Lee, 1960, 
pe 192) that: 


Pe @) = R (e-272) . (4-55) 


Equation (A=54) may be written: 


P,, (x) rv Pox (%)--2,4) ~~ Px (2-216) 


where, for = A€x ZA, 


(A=56) 


E 
dz 
G4 = |AcosalstVaext , — (a-57) 


The absolute value of the slope a A is used, since in (A=56) the probability 
distributions must be positive. 


The complete expression for P, (x) is given by: 


Pa (2-24) + Px (Qe--2t,) 


Py (x) S =O at Eyiabane i ere FoR -Adx dp _(As58) 
© ELSEWHERE 


The term (4) is, generally, a function of t; thus, according to the definition 
in chapter III, it is nonstationary. Poy (=-~@.6) ) may be taken as a rectane 
gular density function (i.e., constant probability over a specified interval) 
and defined as: 


i FoR 2, <add 2,t, +27F 
Peete) 4) fe rccumcre > (A=99) 


This makes P(x) independent of ty (i.e., become stationary), and reduces it to: 


P(x) =2 TVA FOS TL . (A-60) 
° € LSEWHERIE 


Ae-11 
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Since 2=0,t,+7 , condition (A-59) is equivalent to 


L 
FoR O<y < 27 
R.(y) = ae , (A621) 
os ° Eusew Here 


Therefore, if the probability density of the phase angle given by equation (A=59), 
depicted by figure V-13 (upper plot), is uniform, the ensemble of sine waves is ~ 
stationary and the probability density of the amplitude is given by equation 
(A-60), This density distribution is plotted in figure V-13 (lower plot). 


Relationships for Motions Associated with a Turbulent Velocity Field 


Reynolds Stresses == To examine the concept of the Reynolds stress existing 
in the surface ocean layer, one must consider the time variable motions of the 
water particles at a point immediately beneath wind-driven ocean waves that 
are being subjected to a surface shear stress by the wind. 


eee Ubteu=zn4+ry! - 


wit) = we a+’. (a-62) 


The terms u and w are the time-varying horizontal and vertical velocity components 
at a point in the water column of uniform density. The U and w are time mean 
values given by the following integrals: 


at == Udt, (A=63) 


and all 


he 
The terms u’ and w' are the instantaneous deviations from the time mean 
velocities. Thus: 


Seaman alee . 
U' =W'=0, 
Consider a small area dA in a horizontal plane between two layers of water 


which are being subjected to a horizontal shear. The mass of water dm crossing 
this area vertically during the time dt is given by: 


dm=edAudt = pda(Ftw)dts (x61) 


where f is the density = constant. 


A=12 
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The momentum of the water is dm (U + u') in the horizontal, and dm (W + w') in 
the vertical. Thus, the time rate of total horizontal and vertical transport 
across this area is: 


ele +w')* dAdt Awe ¢ (at) Ga+u'\dade.(4-65) 


Dividing through by dAdt, one obtains the time rate of vertical transfer of 
horizontal and vertical momentum per unit area,which is given by: 


pUG* + 2Gu' +wl2) (a-66) 
and 
(wie Bul + ur! & +uire" ) : (en 


Taking averages over the period T, and utilizing equations similar to (A-63), 
produces: 


fr + pus't = pp* + Puyid } (a-68) 


Torre ult = hur wal Q 
faa tfuy =pur + f ne 


= 
The turbulent transfer quantities are defined as Pipl and Pu'w 


Consider the turbulent term pul’. This term represents a net transport of 
horizontal momentum in the vertical by means of a correlation of u' with w'. 
Correlation exists when 


fe. p Te 
ides ff. TES SO cee) 
(2 


Note that in the case of ocean waves the time varying quantities oscillate 
and change sign. Thus, there must be an internal systematic relation; e.ge, 

u' is large and negative when wis large and negative; and u' is large and posi- 
itive when w' is large and positive. 

If u and w are measured at a fixed point beneath the surface of the ocean, 
and for a given time interval equation (A-75) holds true, one can then conclude 
that: (1) a much larger or much smaller eddy motion is instrumental in propa-= 
gating momentum downward which the instruments did not detect; or (2) a mecha= 
nism of stress transfer exists which is unrelated to the Reynolds stress concept. 


A=13 
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Both Pw” ana pus in (A=68) and (A-69) have units of dynes per square 
centimeter or force per unit area. The former term is identified as a dyanmic 
or turbulent pressure, and the latter as a turbulent (or shear) stress. 


Momentum Equations for Turbulent Velocities == To appreciate how the eddy 
stresses can be interpreted as real physical quantities, let us consider the 


Navier-Stokes equations for an incompressible fluid in two dimensions in the 
vertical X4 plane. These equations are: 


du ee l CP pay Vu (A-71) 


anal o 5 “12 -GtvV* ur 5 (A-72) 


where p = pressure (dyne cm@¢) 
VY = kinematic viscosity (cm* sec“t) 
G = gravitational acceleration (980) cm sec=2 


W?= laplaciap operator (2 exile 


ii 


i 


oe) 
2542 Es 
4 = measured positively ee 


Note that: 


bfsies 2 
Ge fe set oe Bie 


The two-dimensional continuity equation for an incompressible fluid can also 
be used: 


4 Ow 
=o. (A=73) 
seo oe 
Substituting the Reynolds formulations (A=62) and also the pressure relation 
P =b+p’/ (A-74) 


into equations (A=71) and (A-72), and taking time averages in accordance with 
equation (A-63), gives: 


he oe py! Qu ¢u Fru au! 1aP , 2 a+ Ze (A-75) 


ot On o% Pax ox 
O01 200 14) du' 47 dg 4),'0,1 ~ 1OP au 2a) : 
and teh Ly'IW Lip dw Ow! = 1 OP _ OW dW) (A-76) 
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All terms involving time average products of mean values and fluctuations 
vanish, simplifying the equations considerably. By regrouping terms: 


—= \ ana ERG 
diz 2 12 tof 22 4 2 bf ay’ ole wy ue ie (A=77) 


oP a, ott) _y' du! ae 18 
-G +u ae ese oe a ies 2 (K-78) 


and ——— 


Using the equation of continuity for turbulent velocity components obtained 
with equations (A=62) and (A=73), the result is: 


Ou du (A-79) 
ox ta 2 =@®e 


Equations (A-77) and (A=78) may be put in the following form, with the assump= 
tion of no mean motion in the vertical (G=0): 


Ae 1a od 2 Jog Sa 
ot 45 +$ pews gs at (a-80) 


DOP eae 
and o=-55, 7G +2 | [wa] + a) wr} “ — (A-82) 


Consider the relative magnitudes of the viscous and dynamic pressure terms in 
equation (A-80). Realistic values for the terms OW/zy and u? could be 5 cm sec 
per 10 evens and 50 cm secol, respectively, for a wind wave regime. For 

VJ = 10°2 om cm! sec=l, the ratio 


ve Gn ~ 2Xio°@ } 


This small ratio indicates that the mele cular viscosity term in equation (A-80) 
may be neglected. Also, assuming that the term is vanishingly small, we obtain 
the simplified momentum equations: 


rH. 5 ae “pa 4 2 pull (a-82) 


=1 


Lene = — 
3 0 2E- gong heteg caf. aw 
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Equation (A-82) is a mathematical statement that the mean horizontal 
inertial acceleration of a water element is balanced by the mean horizontal 
pressure gradient, horizontal gradients of the mean horizontal dynamic 
pressure, and the vertical gradient of the mean eddy stress. Equation (A=83) 
indicates that the vertical mean pressure gradient is balanced by the gravi- 
tational force upon the water element, the horizontal gradient of the eddy 
stresses, and the vertical gradient of the vertical dynamic pressure. 


Comparing equations (A=82) and (A-83) with equations (A-71) and (A=72), 
it is evident that the Reynolds stresses are interpreted as real stresses on 
the fluid elements and that they act in addition to the forces imparted by 
the pressure and pure viscous stresses. 


The Reynolds stresses have normal as well as tractive or tangential com= 
ponents. An interpretation of the normal stress can be made in a similar 
manner, Consider a horizontal element ds normal to the vertical axis. Further 
assume W=0 , allowing only a turbulent component normal to the element. Then 
= wa denotes the average flow of momentum through the surface element, namely 
—(fw')wlds - This flow of momentum causes a reaction on the surface;and, when 
integrated over the time T and avereged; it is sensed as a dynamic pressure. 


Thus, the products of time variable advective quantities can be envisaged 
as real forces acting upon the particles of water. 


The formulation of Reynolds stresses throws considerable light on the 
mechanism of turbulence, whereas the mathematical analysis is not readily 
soluble. In general, no analytical method is known whereby the Reynolds 
stresses can be expressed in terms of the mean velocities and their derivatives; 
so, for the most part, equations of the form of (A-82) and (A=83) remain intrac- 
table. One can try, however, to solve the equations experimentally; i.e., one 
can measure certain quantities in the equations experimentally and conjecture 
magnitudes of the unmeasurable quantities, thus providing an estimate of the 
validity of the equations themselves and a judgment on the assumptions made to 
develop them. 


Kinetic Energy Relations -- To derive the equation expressing the flux of 
mean energy in the waves, consider the general momentum equations (A-80) and 
oe neglecting the term Yx” Gy in equation (A-80). First multiply equations 
(A-80) and (A-81) by pi and pw, respectively. Since W is defined as identically 
zero, the result is a single equation given by: 


de. -G@2P 179 \_ppuz)a 2 au ag(- a e, 
ord anc |-eu]+ a2 [y R/rg put] .  (a-B4) 
By definition the dynamic viscosity 7,= pv. The term 


qde a] 
P dt fs LAr 
is equivalent to the time rate of change of the kinetic energy of the mean 


A=16 
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motion in the X direction. Now integrate (A=84) and examine each term for 
its physical significance. 


If equation (A-84) is integrated over a vertical strip in the 4 plane of 
unit width (in the Y direction) and bounded at the sea bottom, the result 
gives the balance of kinetic energy of the mean flow across this section of 
the current (see figure A-2), The integration is carried out from the bottom 
at 8 = =D to the surface 2 = 4 ( Xayt). The x coordinate of the strip is x); 
and the mean value of 7 , over the averaging period T, is zero. If it is 
assumed that the time-rate of change of mean kinetic energy is constant, then: 


ala sia ge in ob | ie ace 
-_ 4 od 
=- | 42-dzé- 2 [putas UZy, Chdet \o (--put 
os | oR de- | uss grdtder ESCM de, uae) 
“D -D -D =D 
A B c D 
Terms A and B represent contributions to the mean horizontal kinetic energy 
due to horizontal flow caused by the fluid response to horizontal gradients 


of hydrostatic and dynamic pressure, respectively. Assuming hydrostatic 
equilibrium of the mean pressure gradients, term A may be written: 


- (a2 Dai 6 Phat i é (a-86) 


The term OF x is the slope of the isobars and, in general, may be associated 
with semi=diurnal tidal motions or other types of motions having oscillatory 
components whose periods are much larger than the period of averaging T. This 
term could be evaluated from data obtained from appropriately spaced tide gauges. 


Evaluation of term B in equation (A-85) requires measurements of tie 
variance of u(t) at two or more positions on the x axis, and also as a function 
of depth, From a practical point of view, the term would be most difficult 
to determine experimentally. In the region of a uniform wind field the 
horizontal gradient of the wind-driven perturbations contributing to the 
variance 0j* would surely be small. 


Term C in (A-85) represents the contribution of pure frictional stresses 
to the mean kinetic energy. The term must, of course, contribute negatively 
to the mean kinetic energy, since the viscous forces always act to impede 
fluid flow; hence, they tend to decrease kinetic energy cf mean motion. The 
frictional stresses occur at the air-sea boundary and at the bottom. They 
are brought about by viscous interaction of the wind with the waves and the 
free surface, and by water interaction with the bottom roughness elements. 


~” 


The integral C may be written as: 


Cla tin ee (GA Geen 
| Bat ba = | Bre giae+ |nosd ge (A-87) 


T™ NO. 377 


Term E implies Y> as a constant and could be evaluated with knowledge of the 
surface and bottom values of the velocity gradient. The value ofypis, however, 
probably not a constant; hence, much difficulty arises in evaluating both E 
and F. 


The integral D in (A=85), which has no dependence upon empirical relations 
as does C, may be expressed as: 


{iu salt puublde = \ $a edui]ae - oe gade 
= ge UE [edi 2 ar es (4-88) 


Term G represents the flow of mean mic energy aon boundaries produced 

by perturbations at the boundaries. At the sea surface the perturbations are 
wind and the associated wind waves. At the bottom, disturbances can be pro= 
duced by interaction of the mean motions with the gross bottom roughness elements. 
The sign and magnitude of G is dependent upon the direction and magnitudes of the 
wind and the mean current WU. 


The integral H is the measure of the rate of transfer of mean kinetic energy 
into (or out of) the kinetic energy of eddy motions. Evéluatign of this term 
requires knowledge of the variation of the Reynolds stress —puld and the mean 
flow U with depth. 


It should be noted that these equations were generalized in the sense that 
no assumptions were made of the causes of the stress terms (with the exception 
of fluid viscosity). We only state that, if they exist, they contribute 
to the momentum and kinetic energy of the mean flow in the manner shown. 

Going back to (A-85), assume that Bo but that the horizontal gradients 


of the mean pressure and Reynolds stresses are not zero. Taking the derivative 
with respect to X of (A-85): 


BH eeu ae Reres ls ets [Reds] - oe 2 eu 


By again expanding and rearranging of terms: 


oe BTR LF mB ema] » 8) 


the kinetic energy being invariant in the X direction. Integrating (A-89) gives: 
re) le = o 
2) p-eut] -2S fulul = consent  (A-90) 
Br © Sey il 
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This indicates that the horizontal mean and dynamic pressure gradients are 
balanced by the vertical gradient of the Reynolds stresses, 


In general, the mean horizontal pressure gradients in this simple model 
can only be a result of wind set-up along a coast or in a bay. The important 
thing is that the depth variation of the observed Reynolds stress is not neces-= 
sarily controlled only by the eddy diffusion properties of the waves,but by 
fundamental dynamic conditions associated with the horizontal static and dynamic 
pressure gradients. More generally, the coriolis force must also be considered 
as in the Eulerian theory. 
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(t) = A SIN (At. %) 


t=O t=t, . 
Fig. A~ lt 


Figure A-1 . An ensemble of sinusoids with random initial phase 
angles, 


=-D 


Fig.A-2 ; 
Figure A-2 . Model for vertical integration of Kinetic energy | 
relations. 
A-20 


T™ No. 377 


APPENDIX B 


STATISTICAL ANALYSIS AND AUTO-SPECTRA PLOTS OF WAVE DATA 


Spectral Data 


Listings of spectral data are given for series 020 through 124 (BBELS-8 
through BBELS-16, using the OMDUM III and LIMDUM I wave meters). 


The first line contains the consecutive serial observation (020, etc.). 
This is followed by O TTI = OMDUM III measurement producing u and w; or by 
LI-u or LI-w = LIMDUM I measurement of u, and Up Or W, and Wo, respectively. 
Note that the BBELS-11 series (030-069) was made with LIMDUM I; but only one 
channel is operative, thus the statistics of a single w are given. 


The second line of the format consists of: the BBELS number, the depth 
(in meters) and the nth measurement at that depth (Roman numerals), the date, 
and the approximate time interval. 


The third line consists of the lag number, the number of data points (N), 
and the interval of sampling of interpolated data (DT). The fourth line gives 
the mean values of the variables (u and w, uy, and Wy, Or Up and Wo )- 


The fifth line lists the following parameters (colum headings ), which 
are defined in chapter III. (X = the variable measured. ) 


K = Frequency and lag index. 
ACOV X), = Auto -covariance functions of xX ane X5: (Note , ACOV X at 
ACOV X, K = 0 is the variance of X or G,%) 
cov IN = In-phase covariance function of X, and X,- (Note, COV IN 
at K = 0 is the covariance or bo x,(0) = X1X5,) 
COV OUT = Out-of-phase covariance function of X, and Xp. 
SP X SP X = Auto-spectra functions of X and X- 
CO = Co-spectrum function of X, and X,- 
QUA = Quadrature spectrum function of X, and Xd - 
PER = Period in seconds. 
R = Coherence function of the cross-spectrum with the auto-spectra. 
PH! = Phase lag function between X, and Xp. 
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In some cases, some of the data are left out indicating missing or 


Note 1. 
irretrievable information. 


A 'U' following the consecutive serial observation indicates that 


Note 2. 
the OMDUM data are uncorrected (see chapter IEE ))e 
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=25./ =5e% ~17.2 200 el 
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-/7.) “S07 =22e7 Puen) evl 
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aa s ~-3.7 =21e5 aV0 el 
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Bit asl =eeoi 71565 000 el 
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co 
0 dk 
och 
H0043 
1.27 
eewral 
a7 
=(1026 
=0.2.02 
-7.02 
-0.uU2 
-0.01 
eV02 
2? 
02 
oI2 
207 
00) 
=0.00 
-0.00 
=1),Q0 
=-(),00 
000 
000 
200 
=0.00 
=0.00 
=-0.U0 
0 00 
=.00 
-0.U0 
-0.00 
=).00 
000 
000 
000 
200 
000 
000 
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200 
000 
200) 
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000 
000 
000 
U0 
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200 
200 
200 


QUd 
DB) 
19 
5.90) 
21,9 
23.256 
13.43 
2.ce 
eo] 
212 
0G 
=),U1 
-0.01 
-0.04 
=U,04 
=-9.uU3 
=!(),02 
=-U0.U1 
='),UU 
-0.U0 
200 
PaO) 
oUt) 
=),V0 
=)0.00 
eU0 
eVvU 
=0,uU0 
=0.U0 
-0.U00 
=0,00 
2 V0 
=0,00 
-).UU 
=), 01) 
=-9.,00 
-9.U00 
=-0.00 
=“)0.00 
=J.00 
=U.09 
=7.UU 
=)0.00) 
240 
eW0 
200 
2 U0 
=-0.00 
-0,00 
=) ,U") 
=0,0() 
=-0,U00 


T™ No. 


PER 
0 
2UeI0 
10200 
6.97 
De U0 
4200 
3233 
2236 
2eD0 
Cole 
2090 
1.82 
1.07 
1.43 
1.33 
1-25 
1.18 
No Wat 
1.95 
095 
91 
037 
e033 
Pe 0) 
olf i/ 
0/4 
e/\ 
009 
e5o/ 
265 
063 
0] 
039 
057 
026 
024 
093 
e251 
020 
049 
204A 
047 
e+5 
ot 
o+3 
043 
e42 
a4] 
040 


SI 


R PHI 

elf 0 
eV8 13,e7 
043-85,87 
23) 26,68 
039 86.60 
08 89,70 
0 /1-83.23 
02)-388.c9 
o03)]=82.,8H 
02 ()=68,35 
013 45.01 
021-3074 
043=-57.,68 
0 #5-60.94 
064-60.2.3R 
051"42,.88 
027°5/.96 
elo 20.34 
013 35.88 
el2 -0.97 
eVl-32016 
eV/ 30619 
el7-62.14 
099"63,07 
el -4,98 
ee4 -6.92 
014 87.41 
023-80./e2 
024 85.96 
004 54.28 
009 -8.,.79 
019 53.89 
el7=62.11 
ol (247.98 
024-75.98 
el2-/8.69 
ell=10.7/ 
024% -9.68 
023-°24.54 
022-2542 
02(224.50 
008 =4.42 
eVJ“15ee3 
218 22.54 
034 19.47 
e3l 16213 
o23-15.93 
022-26.40 
01 8=28.23 
eel -7,97 
oc/ =-0.00 


O87 LI-w T No. 377 

RRFI S= 14 0-2.14%= TF 7 SJUNE-G5 1403-14o0sg 

LAGS= 50 N= 1498 OTS .20SFC 

MEAN Wy= =3.2 MEAN Wy= 1.6 

K ACOV Wa Acov Wy COV TN COVOUT So Wa SP We, CO QUA PER R PHI 

09 397,4 870,28 434,44 1. 13092 11649 7,47 0 0 259 a) 
1 344,44 734,828 493.9 Te 21094 17042 9,86 =0.99 20.00 051 -5.7) 
A BONq) Svan BO? Paas Psyoese Wove WisSe “WeSe VOoOO) oS3 7569 
s) (2sob ase PGNoNe Zook) Stoo SoS sOe@ O69) Goor ai7/ Weos)5 
Oo NOvoM Wisse Wear B2YoGr FBGEIZISIGS Glare Wels 0) ~ S500) GOS 407 
5 62.) 99,9 5o9 37.8 R3e084186016116.99 5.49 4.00 094 2.69 
6 915.5 259,28 |@119.1 32.7? 49.92149.76 A1.51 2.00 3.33 -94 1,4) 
T 2816? = 375.4 $199.26 29.5 22002 93643 39.84 3,06 2.86 828 4,39 
Roel 390? =451.3 2795708 2365 17039 55093 18640 2,39 2050 o/8 7.42 
9 @164e4 $438.19 =77529 16.9 402? 29.64% 7.06 Beles Bose ome) i/o is 


10 =-182.9 2419.5 @274,9 19.9 2.25 18.62 3.02 -0.20 2200 e47 =3,/78 
11 @18I60 £397,989 =743,.3 963 1695 13640 12630 =0,05 14682 225 -2.34 
12 2159.7 =278,9 -199.6 Ao? 1094 9.67 0 4G 03? «61267 213 35.80 
13 -129,.1) =132.4 =-129.4) =?.4 1284 6el1 o0R -90.24 i AS 0MG273,69 
14 =AB.S =25.5 =5Ro4 =3.0 1244 4.60 0 34 =0,.55 1243 025758. 15 
15 #49,.4 BRA =Pel =9el o88 4.57 064 =0.08 1233 037 -7.14 
16 “5e9 131.5 56.9 -13,7 069 4.22 043 ov Woes 525 9572 
17 37.1 182.5 96.3 -16.1 058 3.17 -0.02 004 14618 213-63.54 
18 69,0 216.3 13? .1 15.7 064 2243 =0,13 014 own 015-47.19 
19 7909 215.2? 1477 2239.5 282 2204 =0,05 13 1606 01}=68,91 
20 95.5 296.9 151.25 2722.5 0/9 1.709 014 093 We OGr tenlsh Noles 
21 199.3 1R81,8 149.3 -27.9 676 1644 1.35 4.2) 09 649 30.26 
22 100.0 140.9 12122 =28.5 067 1.23 025 Heli 09) e443 50,93 
23 95.72 111.4 109.9 -26.6 053 1.05 -9,00 01? 087 01 6-87.79 
24 R>.A 72,7 72.4 =-?21.1 049 1.07 =-07,09 =0,04 83 o13 26.80 
25 67.4 40,1 43.3 715.5 036 1.92 =1.19 =0.,08 COC) eile Sere les 
246 49.8 tj} 15.3 =8.4 eel 93 -0.0?7 -0,04 6 U7 0D 64,05 
e7 37.2 227,4 =7.7 0.9 030 1.229 203 -0,18 0 (4 o629=79,78 
28 15.3 240.5 2279.8 8.3 034 1.64 e0R =0.230 ol) 042°75,37 
29 21.3 =79.9 =48,(0) 19.8 043 1.81 aisle) =0,06 269 0 38-11,11 
3n =9,27 ~203,4 55.5 1124 a eos 2003 039 =-0.03 067 2 3R =4.,37 
31 -19,7 =97.5 =60.5 14.7 Asi 1.92 elf =-0.,35 065 o40-62,.39 
32 ©21.5 *A9,7? =56.8 17.4 060 2.11 013 -0.55 063 65=76.2) 
330 -21.6 273.6 4601) 1901 092 82,84 e23 -0,80 06] 651273278 
34 ©1723 2-54,9 £32.3 21.24 096 2.98 e013 =-0,84 099 25N=—80.95 
35 211269 £32,.R £17265 22,4) ef4 2031 =-9.07 =0.55 057 042 83213 
36 107 4,4 Sti 9 wsoe) 053) 1252 -0.07 -0.34 056 638 7TR,7S 
37 906 21.9 2425 114 236 094 =9,05 =0,24 094 0642 77,33 
38 1669 60,9 42.2 7,8 047 091 203 =0.27 053 0 41-84,506 
39 27.3 R95 58.45 1.4 Sl 1.05 214 -0.23 pe )1l 029259.12 
4n 27.1 197.3 464.7 -7.? 1207 1.09 214 =0.11 250 e0l17=39.29 
41 2529 120,88 7406 =6.8 1620 1246 038 -0.03 049 629 -3.94 
42 23.5 19,4 69.2 =12.8 lel7 2.209 e7A =0,01 04h 250 =0.38 
43 17.5 114.5 62.3 =14.5 1.18 2286 1216 -0.04 47 263 =2.05 
44 Fel 93.4 500A $1524 1.09 3.25 1210 ONG 045 258 3.59 
45 =2.5 45.5 30.9 =22.3 0/6 2256 0 4A ofail 044 638 23,86 
66 13.5 27.9 13.2 -21.) 069 1.2.75 =0.01 2 36 043 0 33-88.53 
47 =26.7 =5.3 -12.3 -21.2 069 1.61 =0.33 acho) 043 6 42-42642 
4R S3R.G  -47,G -=37.7 =14.1 = 59-1663 =0.39 = 02 Po 83 = 3229 
49 @-43.5 =23,1 =5?.2 -10.2 e41 1.43 =.23 -0,07 4) vst] 16.423 
50 =446,8 2190.5 =62.1 =4.4 Aisi 062 =-0.,0R =-0.00 040 222 200 
CORPFLATION COFFFICIFNT 0738 


088 


LI-w 


BRFIS 14 0n=0eMeTL Co 


LAGS= 50 


l= 


MEAN We -3.4 
K ACOV Wy ACOV wWaCOyv IN COVvOUT 


0 549.6 
} 497,8 
? 989.9 
3 743.5 
4 BT ed 
5 =55.] 
6 -166.7 
7 =740.3 
B =7P714.4 
9 =P/4,9 
10 ©24he9 
1] =203.6¢ 
12 =146.6 
13° -83.9 
14 =2).4 
15 35.6!) 
16 83.7 
NY MDa 
NE) W/o 7 
19 147.1) 
20 137.24 
Qi, Wises 
22 BR. 
23 6%—08 
24 319 
25 43 
26 =19.3 
27 =36426 
2B 446.5 
29 =49,4 
30 =47,') 
3) =41.3 
32 34.7 
33. =34.2 
34 =228,.3 
28 oRe6® 
36 29.4 
37 =24.6 
3A 9] 36.5 
39 5X 
4() Liga c} 
41 52.4 
42 T2262 
43 8F_3 
44 42.3 
45 72.0 
46 55.7 
47 33-2 
48 Q.4 
49 =1525 
50 =35.2 


CORRELATION COEFFICIENT 


146.2 
Girl Il 
Sig t 
194.6 
74.7 
38.1 
3.h 
=7P6.h 
OE. 
-65.3 
“72.4 
-7U,6 
=51.9 
-47.4 
=29.7 
Oo ll 
10,9 
28.9 
42.9 
5 ®) 
aye) 
93.9 
44,0 
IB LR 
2744 
1269) 
4.7 


NFN Ce WWNC NW 
NY de DN ee 


2 28 


] 
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° 
2p) 


S2\A5 


1618 


N6IUL 2645 1412-1417 
NT= N.A5FC 
Mr aly va =4.() 
se WisP W2 CO 
203% a? Q 82/3 e444 1647 
197045 4.7 16624 14.72 4.25 
16760 SoS vole Wao@e)  %o23) 
120064 lle4 47624 18.95 14.78 
630% 12269 RSe7) 33.842 46.51 
4eo7 1302118073 38-29 60.82 
50.5 lee? Yse/8 23225 41.256 
“9600) 1165 60088 72696 17626 
l27e? 905 3206/ 2.246 5.8A 
L43e/ 667 21049 14640 2.8) 
1436 Po 14edi) 1.16 1-5 
13005 =1le4 Hel e773 233 
10605 =5.R 6023 039 =-0.19 
=15046 =-9.9 3248 e26 =0.08 
-41.3 ~-12.9 le/4% 020 -).0) 
6209 -1444 1e27 elf 0 
C406 -1407 09! 218 205 
50-7 -12.4 0/9 e016 201 
ADeph R904 0348 ell -0.01 
SMa Cs)ots) oShi/ 209 202 
Blac -1.9 236 e007 oO] 
T66") 1.246 ashi 207 =) 2.02 
A3ei 4a 028 007 20202 
45H 60!) eel 006 0202 
C603 1.9 02l) 004 $020] 
fot 1.2? el/7 003 -0.0) 
=-10e4 426 014 eVe -0.0) 
=7?4.3 5.5 erie e02 =0.01 
=-34.) 3.7 Ph] Sus} 0 
= 39.6 1.0 o4 003 0) 
“4iee =2 24 008 e003 0) 
-3929 6.4 208 003 0 
3665 -1L0.5 209 003 0 
“31le6 “14.7 eB 203 0 
=252e4 -l6. 007 002 (0) 
~1A8.(!) -18.4 007 eV2 =0.01 
ONModh OMteios 007 e001 -0.01 
SA0e Slheioul el e Ol] Q 
5.2 716.3 ell el 1) 
lee! ~13.6 eG5 eUl 0) 
186A? 1.4 004 el 0 
2303 =6.8 004 eUl 0 
2609 -3.3 04 eV] 0 
2B ab 0 04 eM] 0 
AT ak Zo) 004 e Ol 0 
2405 3.9 204 el 0 
19. 4.2 004 eU1l 0 
12.) 3.5 005 001 0 
49 2.4 206 eO1 0 
“1-6 “0.7 05 e 0) 0 
-6./7 =4% or 002 (¢) 0 
0-695 


B-72 


QUA 
0 
-1.14 
eal! 
3,84 
664%) 
2.90 
=.) 
=0.31 
-().33 
el3 
043 
029 
ell 
208 
6 WS) 
eV) 
eVUl 
Po) 
0) 
') 
() 
0 
=-),U1 


T No. 


PER 
0 
10-00 
6257 
Seoul) 
4.00 
3.233 
2046 
2e>0 
202c2 
2000 
1.82 
1.57 
1234 
1243 
oss} 
1.25 
1.12 
lel) 
1.05 
1270 
075 
09) 
037 
033 
280 
e/7 
0 (4 
ofl 
059 
257 
005 
053 
05) 
e009 
ea/ 
e DA 
024 
093 
22] 
e020 
+9 
2+ 
o+/ 
045 
044 
o+3 
043 
e+e 
e+] 
o +0) 


377 

R PHI 
oll i 0 
elk=-1o.)1 
e4R Sed] 
ef) 3e)7 
586 S72 
09) Ae? 
oA/ 4.00 


ofR =-02.03 
066 =—32.01 
0D? =he/ 
e339 4e4A 
02e 52041 
e20=71292 
01l4=-53200 
el seR1L eld 
el leRY.45 
el?2 leei3 
05 37044 
eV5—=t 304k 
oli Lowi 
004-19. 34 
eld =8202 
eol7 110649 
elk C4Hecil 
el 7.49 
el3-lone%5 
e2li=38e.e) 
e2@)-l/o.ol 
099 =-4e47 
ol)=56.51 
0l5-6/.93 
e003 5Bec4 
20 )62RB7.95 
ell 89.397 
0 2(!=82 2 5() 
e23-o1 2/5 
025-4661) 
024-68 2.20 
024 996 4() 
028 Slech& 
elf 55245 
0 05=86.92 
00% 16236 
0 2A-64e54 
eo 38-6/7.4/ 
el7=41.46 
oll stow 
0146-41-41 
el(=61655 
eUY [1243 
o13 0 


082 LI-w 
BBEI S= 14 |~30e9M= 1 7 SUNE-G5 1433-43e 
LAGS= SO N= 14R2 DT= «20SEC 
MEAN We= -2.9 MEAN Wh = 03 
K ACOV Wr ACOV Ww, COV IN COVOUT SP W2SP Wy CO 
0) RQO3o5) e055, “eiltsoS 0 194239 22-10 11.43 
1 196.4 374.4 20923 328 30263 32264 16.30 
QO ivvoe S20q0 > MIso@ 700 20208 192-00 10.13 
3 14963 242.9 14362 925 22078 31287 21249 
GQ WG SS lia 94066 1L1le0 38066 77256 50.64 
5 7729 57.4 4204 1105 39efe 97071 58633 
6 41.4 =-?8,.3 =Bo() 10.9 19-85 61-27 32-27 
7 ReG6 98.1 5169 9.6 6065 25.56 11.28 
8 =1R.2 =147.2 =85.8 8.2 2044 11.61 3,65 
9 =37.3 173.4 10724 6.8 1210 6.03 1.24 
10 =49,() =-177,.3 -115.7 5,8 265 3.39 etl 
11 =5064 =-161.4 -111l.3 503 e033 «61295 040 
12 24562 =129.3 =95e7 5el e2l1 123 025 
ec) =-33.8 =85,8 7104 5.0 013 06] 009 
14 218e1 2-35.68 4104 4o7 el2 035 005 
15 el 16,0 -8.9 4e2 ell 030 005 
16 19.0 64.5 2209 304 008 023 205 
W7/ 3626 195.8 91.3 206 e05 015 003 
18 Eno. Mela 74.20 1e7 005 014 002 
19 622.9 155.8 89.6 9 004 e13 201 
20 69.6 162,3 9704 02 003 010 201 
21 VNAS UOtioul 97Te7 =0.1 202 007 00] 
2e 68.7 141.4 9le3 =020 002 °07 001 
23 622.0 117.8 7925 04 002 006 2001 
24 52.1 88.9 63.8 1.0 202 006 001 
25 4001 57.2 4567 200 002 005 000 
26 27el 25.6 2608 302 002 005 000 
atl 13.9 -4,0 Be5 4.6 00) 005 000 
28 1.26 =29.2 -8.0 620 001 005 000 
29 -9.l =48.,3 =2106 7.5 001] 005 200 
30 "1764 60,1 3105 Bed 001 005 000 
31 =23.0 =64,.5 =37.5 10.0 001 004 000 
32 =25.8 =61.9 =39.5 10.8 e01] 004 000 
33. #25468 "53.8 =3fef 1009 001 004% 000 
34 2-23.22 2-41,3 23265 1002 001 004 000 
35 =18.2 "25.5 24064 9.9 001 004 000 
36 -11.2 “7.8 14.6) 72 00] 004 000 
37 =226 10,4 =202 5el e001 004 =-0.00 
38 720 28.6 10.4 2.8 201] e003 -0.00 
39 1722 45.1] 22.9 el 001 °03 200 
40 2703 59.3 34e9 =-2.8 001 003 200 
41 3668 70.2 45.5 =-5./7 00) 003 000 
42 45.0 VUoe 53.8 -8e4 001 004 000 
43 Siler 80.5 59.5 -10.7 001 694 =0.00 
44 56.6 Tent 6204 122-5 001 003 -0.00 
45 59.4 75.6 6206 71366 001] e002 -0.00 
46 Onee 68,8 6003 ©1328 e001 °03 =0.00 
47 59.1 60,3 55.9 -13.0 001 002 =-0.00 
48 5602 50.4 49.9 =11.2 001 002 -0.00 
49 Eyit.O 7 39,4 42.6 =8.5 001 003 000 
50 45.9 27.5 3467 =-5.2 200 e02 200 
CORRELATION COFFFICIENT e77l 


T No. 

QUA PER 
0 0 
2092 20200 
2035 10-00 
2045 6267 
3.22 5.00 
1.31 4.00 
at? sods) 
1.26 2.86 
086 20590 
024 20e22 
e025 2200 
204 1.82 


-0.06 1.67 
-0.04 1.54 
-0.03 1443 


=0,02 1.33 
000 1025 
000 1.218 
001 Ilell 
e01 1205 
e000 1.200 

#@0.00 095 
000 091 
001 087 
e Jl 083 
00) °80 
000 el/7 
6 (0) ah e/4 
000 ef] 
200 269 
200 067 
200 065 
200 063 

=-0.00 06) 
000 059 
2°90 07 
200 056 
200 054 
000 093 
200 051 
200 0°20 
00 049 
000 048 
290 047 
200 045 


-0.00 044 
=0.00 043 
-0.00 043 
=0.00 042 
000 4) 
290 040 


SUT 


R PHI 

095 0 
052 10.14% 
053 13.04 
e080 6651 
093 3264 
094 1.29 
093 «61238 
087 6.237 
ef] 13219 
053 23.61 
051 19.39 
eo] 5.98 
051°13.05 
033=22.70 
029°35209 
e31-23.81 
038 e/l 
038 7,38 
e27 19218 
o27 48.05 
022 12624 
029-16.07 
e32 15.77 
033 55.48 
035 55.63 
025 54e72 
020 46.57 
024 66224 
e20 89.97 
el2 75249 
014 47613 
el? 61.30 
015 29.75 
208=39,56 
004 16.51 
el8 67.273 
023 717049 
024-77.80 
023771644 
219 81.90 
026 31.93 
e27 25.57 
ell 82.75 
019=25.84 
el2-17292 
009 63.79 
029 72213 
e030 70223 
002 3229 
el7 39011 
026 200 


090 uI-w T™ No. 377 
BBFILS- 14 2=4.9M=- 1 7 JUNE-65 1454-(459 
LAGS= 50 N= 1395 DT »20SEC 
MEAN We= -3.1 MEAN WW, = 1-8 
K ACOV W24COV Wh COV IN COVOUT SP WrSP Wy CO QUA PER R PHI 
9 %145.2 253.0 15004 0 14e25 8.10 4.59 0 0 043 0 
1 141-0 242,) 145.1 209 21203 15-76 7.59 1.97 20000 043 14.57 
2 12927 213.5 12966 505 140290 20-02 11-0R 1.24 10600 065 624) 
3 IIeae  NPOoK 105.9 ToT? 25047 40.06 28,89 005 6667 290 elf 
4 OVos | M68 1661 9e3 320693 60011 42.19 2240 5200 695 3425 
5 67.5 60,3 4209 1001 22e/7 56657 336.73 3697 4200 095 6071 
6 4229 4.4 9.0) 1061 9228 33.44 16.19 2.07 3.33 93 7.28 
7 1922 245.5 =2206 9ol 2042 1ll.11 4.29 036 2286 083 4.83 
8 =128 =RA5.9 -49.7 704 064 2298 82 @0.U05 2.50 e060 -3,39 
9 =19e¢ -1)4,4 =7().6 5.) 042 1-66 046 =-0.10 2022 0©56-12.,60 
10 =31.9 =-130.9 “44.2 205 020 088 elf =-0.06 2.00 045-16.91 
11 232.6 -132.5 =F(ol =0e20 216 260 el2 =-0.03 1.82 040-15645 
l2 -47.2 -123.3 =86.4 =2e2 eld 040 a(R =-0,04 1.67 03/=24,37 
13° 40,0 2194.3 =B8U0el 307 all 024 007 0.03 1254 046°24,53 
14 =-33./7 @=/B.5 6604 =4,.6 206 014 202 -V.U1 1.43 o2/-19.27 
15 =24.79 48,4 "45.1 =4el e05 ell 201 eVl 1633 e23 48.93 
16 =12.7 =18,/ =2929 -4.] e003 07 200 Vl 1.25 ec3 68.30 
17 =e) oe -10.6 =2o7 003 006 oO] 000 1618 e25 19646 
1a 12.0 32.6 722 008 003 004 e01 eV0 lell e24 3.88 
19 2354 49.9 22.25 1.5 03 005 201 000 12605 036 3.89 
20 33.1 60.6 3404 3.9 003 205 2001 009 1.00 32 5.42 
21 4047 64.5 4204 6.3 292 204 20) 200 0°95 e32 18.66 
22 45.8 42,4 4626 Bee 002 03 01 eV) 091 o37 37el?7 
23 4R.5 Soma 47.3 97 00] 003 001 oVUl 087 940 38.87 
24 42.8 45,8 45.0) 10.5 00] 003 001 e V0 e083 239 33.31 
25 476) 94,3 4044 10.8 01] e2 e 01 V0 280 e+} 34.33 
26 43.7 DE a t/ 3405 19.46 001] e02 000 000 of7 e29 41.32 
27 39.2 12,2 2709 9A o01 e002 200 eV0 0/4 e2]1 66.04 
28 34.0) 3.9 Cled 8.5 e001 e002 -0.00 eVU 6 til e26°/6.98 
29 28S -l1,7 VSg7/ 6.9 eA] 202 200 200 069 ol9 35285 
30 2322 =4,7 1929 49 00) 202 200 =(),V0Q 067 e28=32.27 
31 1a&el -5,3 Tot) 209 00] eV1 -00 =-0,00 065 o010-56.62 
32 13.5 -4.,3 3.9 09 e 0] 001 =().00 200 263 el7-11.98 
33 903 =2,5 1e4% =lel 000 201 =-0.00 =0,u0 06] 18 18.66 
34 504 =0,.9 =“026 72e7 00 e001 =0.00 000 059 0621°23253 
35 19 20,2 =226 =4 4 () 200 e002 -0.00 200 057 038-83. /4% 
36 =1.2 =U0,.4 =4.6 =5.0 200 002 200 200 056 e32 87.02 
xl7/ =4,) =3.2 =6.8 =-5.6 200 02 =0.00 200 054 218=-38.2)] 
38 =605 -7.% “902 75.8 000 002 -0.00 00 053 0623°"25.25 
39 mn, 3 -]1.8 =i11.8 =5.7 200 002 -0.00 eV0 05) 017#=55.14 
40 =-9.26 =-)7,1 14.3 =-5.3 200 00] =(0.00 200 050 el7 -8./73 
4) malne 222.6 =lhe% -4e7 eV0 e001 20.00 =-0.00 049 e&% 22494 
42 =19.5 =?21.5 -18.? =-4,) 000 02 =0.0() 200 048 e246 -1.95 
43 100) =31.4% =“195) =3e5 200 e002 -0.-00 =-0.00 047 elS 16210 
44 -9.0) =33,A =19.t) -3.) 200 202 =(),.00 200 045 009-68,69 
45 -7e3 =34.2 =-17.26 =2.9 200 202 200 200 044 2618 68.88 
46 @=4.5 =32.3 =-15e0 =2.9 000 02 000 -0.00 043 010°24.36 
47 “1.8 27,8 e-llel =3el 000 e002 -0.00 -0.00 043 oll 3876 
48 1.7 20,9 =6.9 2325 e00 202 -0.00 00 042 023°22.68 
49 5.6 =12.,2 =00l =4,1 000 202 -0.00 290 041 o©30°16.91 
50 926 -1.9 5e2 =-4,/ 000 e001 -0.00 000 047 «38 -0.00 
CORRELATION COFFFICIENT 0785 


B-74 


O09) LI-w T™ No. 377 
BRE} S 14 03=05M=01 Cs 96JUL=65 1502-1508 


LAGS= 50 N= 1413 DT= O2e2SFEC 

MEAN Wr -1,4 aS -? 06 

K ACOV Wy 4C0VWe COV TN COVOUT SP Wy SPW, Co QUA PER R PHI 
194.7 1PR,4 112.7 0 Aoa  Reeoa) 1.64 fH) On OSI) i) 


18R eb AeA al L0%e) =-7.3 5230 19.82 2099 -V.l7 20200 228 -3.219 
168.3 Ieee 7 9Read =4,5 15e-l2 17.228 Bel9 =-1,7) 10200 0595-11-00 
WAIUGe) HME GY Be) 60h 440696 27014 29012 =2.45 G6e67 054 -5e6) 
99ee R6,7 61.1 =/.8 61256 29228 38.235 =-2.387 5.U00 09] mM4ec9 
56.3 5.) 3703 =“BeR 44026 14675 21269 =1e82 4000 0D m4 ed() 

1? 3 48.7 le a4 =9.3 16e/4% 4.18 6294 =I).05 3e33 0633 -“D5e42 
29.5 9,4 1109 902 Fed? 1652 2612 -0.08 2686 0/3 -20i3 
=6624 Neliver3 =-34,] =53.6 howe) 058 040 0 (3 2050 #5) 4,37 
=96e1 =-4,/ =52.9 =-/7,4 266 eo 38 eel -(0,03 2e2e oe “9.52 
VOD ell7e 718.9 tHle2 602 e+] 024 007 =0204 2290 e2f-312-63 
11 =12R2e8 =P.) =TA 6.4 =4.56 o30) Pan | eli) =-0.0) 1-382 044 —-4.2} 
12 -13).2 -34.5 “Ades =-3.0 oe) 016 209 aVv2 WAH, O2)s) 15600 
13 =l24eR -3/.4 -79.? =1.5 eS el2 205 o U4 12654 049 39,79 


ODNOVWNFWNY’ SO 


37 =-37./7 -12,28 =725 04 
38 44.6 16,6 2-305 
39 =49.2 19,1 =3348 


20) =-%.01 0 V4 0541 632=-7166 39 
01 =-0.04 eUl 03360/3-11297 


0 
0 
001 0 -0.03 =0.03 eD160eDd2? 49294 
0 
0 
( 


40 #5125 =7(.4 =3525 ry el eVl -0.04 e207 e03"72e22 
4) =51.0) =70,2 -35e.1 e 002 004 =0.0) 0496 etem-lev/ 
42 =47,R =-18.R =320x ° 201 ) 003 03 0 4R 1944 48o1R 
43 -41.9 16.2 <-28-7 001 0 -0201 0 04 0 +7 le l#-69-40 


44 -33.8 =12.4 -2307 e Vl 0-02-04 eUl 0453e/% -7.17 


14 elll.l 3-36.88 3-73.64 0) 008 28 0 U4 Let3 043-45.98 
15 @91.8 -33.3 =636R 1e3 0 0/ oUT =().01 20202 1e33 235 S)) 0 6)5) 
16 =6R eA =-?/.2 =5163 Co4 2046 205 0 =0.,06 Le25le1l4% 49239 
17) 44.1 719.3 73523 4.7 016 004 004 =0,04 1elRle] 8-46.31 
18 =19.7 -l1U.] =2104 3.7 e005 e003 004 el WeLUNGAL tl foeQ 
19 Bec -0,4 “Gel 3.8 005 003 201 pes RoWSioeo (Vos 
20 23.3 9.2 45 3.8 2 04 002 -)203 203 1.001.39-37.13 
21 39.7 Iie! 5 8 21.4 3.26 004 eV2 “0203 =-0.02 0751630 2led4 
22 5?.] 26.3 37 2 3.2 Ors 02 9) =-9,04 orl le f4+=-R9. 36 
23 60.5 32,9 40045 2eR 203 e2 0U4 =),03 oS71e8/-31015 
24 65.1 37,4 460e eed 2V3 002 04 eZ 0332013 72Red4 
25 6662 41.0 49.3 1.9 202 002 0 005 0802061 86265 
26 6402 42,1 49.4 Ware 202 e0l =)0e04 6 (0) 5) 0 (713094732219 
eT 5928 41.5 4BeI) 14 202 001 =0204 =0.02 0/43089 30615 
28 53.3 oh | 44,() ie3 002 el 0 =-0.04 0 (13089-24234 
29 45.3 3512 38.3 Os} e02 e Ol 004 “0.02 09930e82=24,77 
30 34! 30.) 31.2 12 002 el 004 U3 0973090 35434 
3) 2567 24,2 2302 1.2 002 091 0 204 055 3696-86640) 
32 14.3 Nilo’ 1426 1.1 eUl eVL =9.04 eV2 09340 (9-24.90 
33 325 10,9 Lora! lee l oJ) 0 -=0.93 =-0.03 0415230 40el2 
34 Fe, 4.2 =36)) lee eQl 0 e001 =0,04 eD9G6elT-7742R 
35 =18.9 -2.7 w=lle4 eens 001 001 204 =0,U1 0575 otk 166./9 
36 =29.i) =-/.9 =-19.60) Bes) el 0 2003 6 0).8) 02660148 43220 

Le? 

2ef 

202 

Co4 

204 

2eR 

3.4? 

326 
45 =P3.7 =-48.3 -16.5 3.9 eUl 0 =()2.02 =-0,04 0442634 55.03 
46 =1?Pe.e2 =-3.4 =-8.9 4,2 e01 0 002 =-0,04 0 439205853436 
47 ea 2.9 let 4e3 202 0 205 0 043/613 -4,9H 
48 131 7.4 Te! 404 201 0 003 004 0426015 54039 
49 2504 1255 14.6 4.3 201 0 -0.02 204 04162./9-54./1 

4.2 0 


50 3606 thal 2103 0 -0-02 0 408034 0 


TM No. 
O92 LI-w 
BREILS 14 4@6.0M=()1 Co "6JULe65 1511°1517 
LAGS= 5U) N® 1299 OTS 0e2Skc 
MEAN WF °3,93 MEAN WE =3257 
CORRELATION COEFFICIENT of) 
K ACOV Wh ACOV W2COV IN COVOUT SP Whi SP Wea CO QUA PER 
0 125066 79.1 6907 09 =909D 9096 3043 0 0 
1 léelel UU ol 672 03) «64048 15021 4652 =0.05 20.00 
2 NOBa) — Viok Ghai 07 %e63 10017 4-87 =0.02 10-00 
3 Vee 63.9 Slee Le) 22048 12699 14236 1.2U 6-67 
4 6760 54.2 38 eb 1eo3 34060 15621 21-02 1.23 5-00 
5) 4)e2 43.59 2405 126 2/.53 9.93 14.81 (0.211 4.00) 
6 1469 42.4 928 1.8 11e33 3.27 5.05 -0.46 3233 
7 elite) P16 =4,3 arn) 2244 0/5 084 @(f,U7 286 
8 =3)67 llef "1609 208 068 050 029 V5 22590 
Q 4.9 3.0 272703 203 04/4 034 eet) 65), 1 Roe 
10 @60e4 =-3.4 3469 203 030 el8 el3 eU3 2200 
ll =64e4 =A.1 =3904 2o2 el? ell 20k eM) 1-82 
12 =64e3 =10.7 @4(0e5 1.9 ell 009 004 eV) 1.67 
13 261)e% =ll.e =38 06 lot 09 008 002 -0.01 1254 
14 a5te/ -9.4 =3369 of 07 eUT 002 =0.U01 1.43 
15 237.3 «/,.1 =76.9 =0).0 06 e005 eV2 #0209 1.33 
16 @=2)ey =3.20 -14.3 =0.9 04 003 e001 #0200) 1.25 
17 Cisyot/ 1.5 -8.9 =|. e003 ee 200 =U,U0 1-18 
18 Vel (6 f/ 06 e226 03 eN2 000 =0.U0 ay 
19 2324 Wis} 926 =3.2 e002 e0)] 000 #0.U00) 1205 
20 34.3 16.4% 17064 23.7 02 el 000 ©0.00 1200 
fs GP) 20.4 C306 2420 V2 el 000 #0200 095 
22 4602 ASaN 27.9 4.0 02 el 20200 2 0U 09) 
23 47 oW 24.6 3003 e308 201 oV1 20.00 000 287 
24 G44af 79.) 3Ue7 =3.3 ol eML 202.00 =0.00 083 
25 Sel 24,2 290% 2225 000 eV0 20-00 =0.00) 80 
26 33.26 22.3 C6OeK% 106 eV] el #0200 eV 0/7 
27 aol 4 19,7 2307 =()26 el ell 00 e000 0/4 
2A LR ed Gren? 146.9 ee) el eV] 000 000 e/l 
29 llel 13.4 1404 1.5 00) 000 000 #0,.00 069 
30 4.5 10.2 10.0 Ce% eOl 0)0 000 -0,00 ef/ 
3) 2=),4 (ad) 6et) 3.1 el el 000 =0.00 065 
32 =5.6() 4, 2eb 3.7 e000 el 000 #=0.00 063 
33 =7.9 2.” 2=()eol) 4.) 201] 000 000 #0200 26) 
34 @49—.6 1.4 =2o() 4.3 001 000 e000 ©0200 059 
35 elie o> =3.3 4.3 000 eV0 000 =0.00 eoT 
36 10.20 (I, () =3.9 4.) e000 e000 o Ot) eVU hela! 
37 2Je2 =(),] =4,.1 SOs 200 “e000 21200 =0.00 054 
38 =3ee -(0.1 23.9 3.3 000 0V0 “0200 =0,00) 093 
39 @=?el aul =30% Co8 000 e000 =0200 V0 05] 
40 =5_,3 a3 =3.0) 204 000 000 =0e00 0.00) 050 
4) ='569 a) @2e6 2o2 e000 000 e000 a, U() 049 
42 =6.1) Am 2225 20) 000 000 200 200 0 4R 
43 =A ais) =2oe4 2el 200 eV0 ©1200 200 e047 
44 =7,34 o% @=2.5 203 200 000 #-1200 000 045 
45 @H.3 e3 =2o7 205 00 eV) 20.00 eV0 044% 
46 =4,] ae =7 28 208 eo V0 e000 #1200 ev0 043 
47 =9—5 ail =2.8 302 eJ0 000 20.00 eV0 043 
48 =9—4 Pat) =2.5 325 e 00 00 -0.00 eV0 042 
49 @eHee ol 109 3.8 000 000 #0200 e V0 e4] 
50 Shee e% =e 3. 200 V0 20200 V0 e 40 


B-76 


377 


K PHI 

045 0) 
038 -0.5/7 
049 =0.24 
084 4,79 
092 3235 
090) =0.4)] 
083 =-5616 
e063 =4,64 
eD0 8.46 
054 9.2/0 
e060 1l2eck 
e396 10252 
044 15.29 
030") 26c6 
02922529) 
03421) .05 
el9 =9.95 
eols-/73.67 
020748614 
01lG=35220) 
el2e=4l1el3 
005"23./4 
013=49,84 
el3210.69 
eU/ 9.34 
098 35012 
el2-lee/# 
el3 64.52 
ele 67al2 
014-19.34 
031225244 
031°40.34 
0o1/#39.60 
007-31 .84 
004"39,89 
009 23,55 
005 26.74 
004 62.54 
eV3 16.51 
eU7 26045 
008 17ee9 
206250.91 
007 66.82 
014266.97 
0 30248.,08 
0 30=29.26 
ell=29.08 
026277259 
0 45 244,4() 
032°26.2c8 
eee ©0200 


093 LI-w TM No. 
BBFIS 14 05=974=#01 Ce N6JUL=65 V520=1525 
LABS= SO N= 1330 OT= 02SEC 
MEAN We -2,0 MEAN WE =201 
K ACOV Wy ACOY WeCov IN COVOUT SP Wp SP We CO QUA PER 
0 7225 65,28 375 9 4.223 14.63 1.32 () 2e 09 
1 7602 44,4 3Ae5S =) .4 7286 CUel2 Aiea ae 0 
2 T%e61 62.4 33-6 20.7 1%e33 8.31 4.23 af) 0 
3 60.24 54.5 P90!) SU0e9 Joedl 1658 9046 -0.18 0 
4 49.2] 53.7 2307 =-1.9 24269 8.78 11.79 =().57 (5) 
be) 3529 48, 1601 -l1.1 Lle45 4.80) 6944 -0,61 0 
6 21.9 42.° 8.7 -l1e0 327 092) =1e31 -0.le 0 
7 Rel 26.1 }.3 =i). 090) e2l 022 206 0 
8 =-4.7 30.3 “527 =U.A 036 el2 206 oI] 0) 
9 =15.9 25,9 -11.9 -9.1 025 09 20S () QO 
10 =25.1) PO. -“16e048 4 ol6 005 003 0) 0 
1] #3165 17,9 2944 9 09 003 eV) ) 0) 
12 =35.4 14.5 =??.5 1.5 05 002 9 -0.01 0 
13. =3A.6 13.0 23.) 20% 2004 202 fy) 0 0) 
14 2#35.4 12.4% 226? 209 04 02 0 9 0 
15 =3>.0) Leon =19.4 2.9 0 4% 012 09] #=),01 () 
16 26.7 Worosy © DCG) 3.2 003 002 0 -0.01 ip) 
17 =Cee 16.5 =12.3 3.3 e003 ell 0 Uv 0 
18 =12.x 14,8 “726 302 02 091 201 ) 0 
19 =“S.2 21.4 =?Pe7 3.0 0 Ol eJl 0 0 0 
20 Pel 23.8 eel A2oT/ eV1 el 0 (0) 6 
21 Q,7 26,1 603 2e3 oO1 Ul 0) () 0 
22 14,3 27.48 909 le? 0M] e01 0 ) 9 
23 18.6 AR 1206 1.2 o0l eM] 0 0 0 
24 2104 PO. 1404 26 er OD) 01 0 0 0 
25 23.) 2B.45 15.2 e] 201 0 0 0) 0 
26 23.3 PT.4 L5el! Vat Ol 0 0 9 0 
Cal, 2?.3 25.45 14.9 -0.8 9) 0 0 0 Q 
28 20.3 Dahc S| 12e3 lal 0 0 0 0 0 
29 17.4 P0245 9e9 =123 0 0 0 0) 0) 
30 1l4e0) UA Tt To2 led 0 ) ) i) 0 
3] 19.3 14.46 4.3 =-1.5 0 0 fy) 0 0 
32 55 WG 164 |-1.5 ) 0 0 0 0 
33 PA 8.9 og) Silas 0) 0 a) 0) 0 
34 =1,7 6.5 “3.7 “1.5 0 0 ) 9) i) 
35 -3.7 4.5 =Sie = ed 0 0 0 i) 0 
36 -6e01 Sian -Tei -1.5 0 0 0 if) 9 
37 “Rel) 2.7 “7.9 3-145 0) 0 0. 0 0 
38 -9.1 1.9 =8.1) =-1.5 0 0 () 0 0 
39 “944 Ooi =7e5 =125 0) 0 0 ) 0) 
40 -9.1 2.3 jo) Sil5G) 0 0 0 0) 0 
4) =A, 3.9 =5.) -1,.7 0 0 0 ) 0 
42 “4.7 5.4 =-3.1 <-1.R 0 U 0) 0 0 
43 “4.8 aeil “1.9 2.0 0 0 0 0) 0 
44 =-2.5 BAA 1.3 =2.0 0 0 0) 0 0 
45 -Oel VOeS 365 =2.1 0 0 0 (9) 9) 
46 Pe 12.1 5.6 =-2.1 0 0 Q) 0 0 
47 4.9 es5 8} 725 =2.1 0 0 0 v0 0) 
4B 7.2 14.3 9.29 1.9 0 0 0 0 0 
49 Gee 14,3 16-1 1.7 0) 0 0 0) () 
50 19.8 1S yen! 10.9 1.5 0 0 0) 0 0 


Bilin 


R PHI 

all 0 
OGM Milo? 
045 9.243 
0S0 =-1.)9 
28R -46.2e3 
0oSf =5-4¢5 
0/6 —-3e25 
GS}. WG 2S 
230 Ll.460 
034 @-44H5 
0 3R -5019 
0264-10630) 
e}8 (RBH 
e015 486.22 
ell=b2.9) 
alB—42 043 
032252282 
e31-31 023 
050 1284 
eo) 14.690 
236 Bel/ 
014 31419 
oV6-14e/) 
olO=/2.81 
al 5220.90 
el5 A5e23 
ell-74e4/ 
elG=l]R-47 
oVR 546.79 
eel -7.299 
0 35=27268 
e440 =R3_,1) 
043 49455 
024 Reds 
elR 28436 
225 5.) 
09 Geet) 
ell 15e/76 
005 1Re 43 
el0 60ec5 
039457202 
»65-66.54 
0032700561) 
2 L 8-88.65 
02enl3e43 
e039 77219 
004-8602 
045 5602!) 
Oth USoGv 
ol4¢-45e11 
014 () 


T™ No. 


074 LI-w 
BBFELS 14 624,.0M"0] Co O6JUL=65% 193921545 
LAGS#50 Ne 1402 UT2 Ve2SEC 
MEAN Whe 2 08 MEAN WS 2e95 
CORRELATION COFFFICIENT e454 


377 


R 

023 
e32 
061 
087 
oF) 
087 
ef5 


PHI 
0 
32238 
13.-U1 
2016 
Co U4 
29k 
=2eld 


ef/22136.14 
062-21.3H 
062-1322) 


e 3K 
049 
047 
054 
eD2 
095 


e6U 
7294 
4.43 
=2./9 
18.64 
3.1) 


K ACOV Uh ACOV WeCOV IN COVOUT 5S» Wy, SP We co QUA PER 
0 B4e7 56.46 40.2 09 §=—e83 12035 204s ) 0 
} 3? 06 55.8 39e2 0D 12082 16640 3697 2.92 20200 
2 TTel S3./ 3605 09 Lliveld3 7.43 5.18 Le20 10200 
3 6867 50.4 320? 104 18017 8e31 19.68 040 6267 
4 S54 » () 46.5 2606 1.8 24948 7.78 11244 04} 5.00 
5 4507 41.7 2001 2eo2 1039 3026 5-08 0U9 400 
6 37 eo 36,46 13e2 206 2043 055 087 ©0203 3633 
7 1904 lvers 60] 3.9 099 019 023 “0.05 2e86 
8 hed 26.1 =()eH 303 eee 010 00h #0.03 2050 
9 @=%el] 21.3 -7e.0 3.5 eld 006 006 =0,0)] 25.22 
10 =13.3 Volt) =l2e2 3e7 eUK oU3 202 20 V0 2200 
Wy @2'\e3 13.4 =l16.3 3.8 o VT 03 202 e000 1.82 
12 24/7 L064 =19.l1 3.8 eV5D eld 001 eV) 1.67 
13 =2504% BR =2005 3.8 004 el 00] -0.00 1.94 
14 ee red oan @2()e6 3.8 003 eUl 00] eV0 1643 
15 22209 7T.6& 1903 Sa7/ 203 el 201 000 1633 
16 =lHel 4.2 21669 3.7 eV3 eV] 001 20.00 1e25 
17) =]1e8 Mae ONO T/ 3.6 ele e01 000 -0.00 1.18 
18 @4eh6 eas =9.7 36 eV) eVl 2000 =0,00 lel) 
19 Ad 13.4 =5.3 3246 e01 000 200 290 1.05 
20 Loe MS youe, 21/08 sel el 0 V0 0 V0 eV0 1.00 
21 17.3 18.0 306 329 eM] 000 200 200 095 
22 2304 P0.e Tel 4oN) eOl] 000 00 000 09) 
23 e4e3 22.0 llel 4.) e0)] 000 000) 200 087 
24 3104 23.% 130% 4.3 001 000 200 20 083 
25 3366 24.4% 15e8 4.5 001 000 200 2 U1 280 
26 3403 24,4 1609 4.7 001 00 200 000 ofl 
27 3304 24.7 17.0 4A 001 200 000 —0.00 0 f/4% 
28 Sled 24.1) 1663 5.9 el °)0 e000 =0,00) efl 
29 25el 22.9 15¢0 5.2 201 000 000 0 U0 069 
30 Chee ANG) L300 is) g) 01 200 200 000 267 
31 19,7 Loos) 10e6 5.4 el 000 000 20 065 
32 l>el WY ote) 729 929 000 000 000 000 063 
33 19.23 Sod 5el 5.4 000 200 200 200 °6l 
34 309 13.2 203 5.4 000 000 000 =0,00 099 
35 1.8 11.2 003 506 200 000 2000 -0.00 eal 
36 =1.25 9,4 =2el 506 200 00 000 =0,00 056 
37 m4e3 7.9 =4,5 a) 000 090 200 =0,00 054 
38 @he4% 6.7 =60() 5.5 000 200 200 =0.00 053 
39 =7e9 5.9 =609 5.3 200 090 200 200 051 
40 #4, 5.4 @Te2 502 200 000 000 000 030 
4) =7o7 Siere 7.0 5.0 000 000 e00 200 249 
42 6./ 544 “602 4.8 e 00 200 200 200 0 4B 
43 24,9 Sr) =4.9 426 200 200 e000 V0 047 
44 @Pol Moe) =3.3 4o% 000 000 000 =0.00 045 
45 =2)e0) 7.4 =1.3 4.3 200 000 e000 20,00 04% 
46 298 8,4 09 4.) 000 000 000 =-0,00 043 
47 hel 9.4 3e] 4.0 000 000 000 000 043 
48 Gel 10.4 504 309 eU0 200 000 200 042 
49 leel elven: 725 309 200 200 000 200 04) 
50 14.8 Vou 904 329 0 I0 000 000 200 240 


B-78 


041-16.14 
033253215 
019-64.9H 
029 17.80 
03H 40284 
ocidh, ogi 
e016 1leo7l 
ell 50.33 
019 R7295 
elf 78.66 
el? 34614 
0 33"27.23 
024°10059 
eo32 10.07 
046 11.64 
059A 6240 
e52 132/76 
e023 20224 
005238. /4 
02/742.91 
046"22e26 
ef2-11.70 
0/8 -5./6 
067 2236 
056 262623 
053 33029 
034 36042 
e3) 18.228 
059 -0.99 
0/9 -8.85 
ef =5.93 
064 9.77 
066 23231 
e068 12626 
ef) 200 


095 LI-w 
BBFIS 14 07209mM=01 Ce O6JUL=65 1S53'=7'558 
LAGS= 50 N= 1387 OT= 02ASFC 
MEAN Whe -0.1 MEAN We -1Lel 
K ACOVWaRACOV WyCOV TN COVOUT SP WeSP Wh oO 
i) 49.7 69.4 24.7 0 Lle86 9209 015 
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G2 
oe 
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eV 
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T™ No. 


VER 
0) 
C020 
10eV00) 
b6e5/ 
5.00 
4.00 
Shrsis 
Coté 
CedU 
Cole 
ee UU} 
1.82 
1.67 
1254 
1243 
1.233 
1625 
lela 
Loui 
1.05 
1.00 
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eI1 
237 
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030 
oUt 
0 (4 
onl) 
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057 
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063 
0S] 
09 
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oD 
054 
053 
e5] 
e050 
049 
otk 
o+/ 
045 
0 %& 
0+3 
+3 
042 
e+] 
oe +i) 


Sif 


R 


el4 


PHI 
i) 


eV4=3208) 


014 


eO5= 


44.02 
(Reel 


eSl-/1.88 
a3 3-73.24 
eR-25.64 


But 
Pole) 
e025 
043 
035 
ec 
eUY 
els 
ect} 
elf 
oe / 


(Role 
76.52 
R1.d2 
Ree /|\ 
(7.04 
(R43 
44.435 
44.84 
435261 
35-12 
-4.43 


eV9=R23217 


ee) 
oc3 
ele 


60204 
46.44 
89.53 


ol 4-51. 4 


ely- 
oly- 


69,1) 
eos) 1) 


ell=/5.215 


el? 


21 os 


elR=-226.91 
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ell 
el2 
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e03- 
o1lD- 


elf 
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eed 
eUR 
eol4 
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S304 
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BY.UR 
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Ree lb 
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100 LIT-w T™ No. 377 
BRFIS= 14 2-4o9M= WH 8 SUNE- G5 


LAGS= 50 N= 1346 NTS .ANSEC 
MFani U & o3,4 MFAN W = -l.1 
K AFOV tt ACOV Ww COV IN COVOUT 58 U SP W co QUA PER R PHI 
0 1152-4 143.9 74.5 9 16294 15619 7.263 9 0 48 0 
} 112.8 157,3 7204 2e8 29095 25651 12.09 =0.66 20000 044 -3.13 
2 10402 142,7 660? 5.2 27027 18.00 6259 1.04 10.00 «35 8.97 
3 96.6 120.9 56.6 To9 13047 170696 7ol19 1.57 6e67 047 12234 
4 84,7 94,2 4404 Be2 13073 29-28 15638 14698 5e0 o/7 7032 
5 T1eA 65.9 3007 Be? 11¢68 320613 16.32 2.83 4600 -85 9.83 
6 52.3 36,1 16.8 Bo4 5049 16665 7.35 1.66 3633 079 12671 
7, 45.7 9,7 3.8 724 1280 4.59 1.74 049 2286 063 15-56 
RB 34,5 -12,2 =7,) 5A e/l 1.36 030 eee 2250 0 3A 36.46 
9 POre2 =78.% =-15.2 3.9 038 060 =1.06 092 2022 014=20.28 
10 18el 237.9 19.9 1.8 229 041 -07.00 -0.01 2.00 2.03 75.64 
11 13.3 =39,3 =-21lel -0.A ol2 eel -0.01 2000 1.82 007 =0.79 
12 19.8 =35.3 =19.0 =2.0 207 OS) e000 290 VAY GOC EzI6 746) 
13 Linen! =26.? -14.9 -3.3 007 el2 =0.09 202 1254 el7=-74,82 
14 19.9 “13,3 =6.9 =-4,? 2007 eld 200 02 1.43 026 86,84 


15 17.8 WAT 1.5 =-4.6 04 096 -0.00 201 1633 ©10-87.15 
16 1564 What 11,2 =4,5 003 006 =-0.01 e 00 1-25 0146-12645 
NY 1Q.0 Blige) 18e3 24.0 e003 097 -0.01 0090 1618 «28-14.08 
18 2723 42.9 25.2 3.4 003 007 =0.00 ©01 1lell e28-82.92 
19 219 50,9 39-4 2.4 002 0 04 000 eo 01 1.05 .38 77.00 
29 2704 54.9 33.4 =-1.8 002 e003 000 6 (0))) 1-00 24 89.29 
21 2723 54,2 34.2 -1.9 002 003 =-0.00 200 095 020-54,60 
2? 2°08 50.46 32.28 “0.2 002 003 =0.00 e090 091 014-58.73 


23 12,42 43.1 2925 03 002 e02 -0.00 200 087 ~12-74.82 
24 14.8 33,1 2406 04 002 02 200 200 083 22 67.219 
25 19.8 On (/ 18.8 a3 eM] e002 200 200 280 013 85.47 
26 Ael 9,9 12.3 =-0.2 0) 002 -0.00 000 077 012-14.89 
PT 2o7 -1.1 5.7 <-1.9 00) 002 200 200 0/4 610 72645 


2An -),) 210.5 =-.7 -1.,9 e Ol 002 200 290 el) 026 28.21 
29 m4—5 -17.9 =6.3 =3,0 e0)] 02 290 =-0,00 069 e27-17.53 
39 =7.4 |=22,9 =10083 =4.2 01 201 000 =0,00 067 o33°45.90 
31 =9,7 =?5,3 =-14,) =5.5 001 001] 200 -0,00 265 el 7-74.52 
32 =11.3 @25,1 =1649 -46.7 Pae 01 -0.00 200 263 019=-39.02 
330 #17.) =72.4 21605 7.7 001 001 =0.00 200 061 0 08=46,68 
34 @1?.1 =)7,2 =15.6 -B.4 01 e0l -0.00 =0,00 e059 2003 74.40 
35 911.3 =31,5 213-5 8,6 00] 001 20.00 =-0,00 057 008 49.91 
3. 2-10.63 8.4 01 e001 -0.00 =-0.00 056 007 61619 
3 =6.2 7,7 200 e001 ©0.00 =0,00 054 03 26.39 
() -1.6 -6,.5 200 001 200 =0.,00 053 004=-86.46 
9 3.29 =5.1 290 091] 200 =-0.00 051 e21-63,83 
7 
1 


40 e3 eh 725 -3.4 e000 el 200 =-(0.00 050 0 18=-68.73 
4\ Pol Pa, 11.4 -1.7 200 001 =0.00 -0.00 049 014 30.93 
42 406 20,8 14.5 =%el 200 091 =-0.00 200 048 2.12°12.25 
43 So7 31.9 1606 1.5 000 e001 =-0.00 200 047 o11-68.77 
44 5ee 31.2 17.4 3.9 090 e001 -0.00 =-0.00 045 2.06 29.17 
45 5.9 28,9 17.3 402 200 e001 -0.00 =-0.00 044 613 41212 
46 Rel) 25,2 16.9 5el 00 e01 =-0,00 200 043 11-45.86 
47 1,7 20,5 1347 524 000 e01 =0.00 00 043 o13°71219 
48 Po! 14,8 19.7 5-7 000 e001 =0.00 000 042 oll =6.88 
49 25 Phe i Tee 5.5 200 e001 =0.00 =-0,00 04] el? 2.22 
50 =1.) 2.4 3.5 eyryal 000 000 =0.00 200 040 el2 =0.00 
CORPFLATTION COFFFICIEN 0543 


B-8h 


Ke) | om 
BRFEIS 14 DeOM='TE Oe N6JUL=65 1411-1415 
LAGS= Su N= 1262 UT= O0e?Srt 
MEAN US 30,0 MEAN We led 
CORRFLATION COEFFICIENT -1e3 
K acCOV UW AGOV w COV IN COVOUT »r U SP W co 
257024 953.2 @162.3 0} 4050 60652 =l1./74 


P2602 865,59 21520? 11064 
1/4e) 662.0 21236! CU4%eh 
10509 393.9 "8009 267.20 

38el LPU.3 73209 290Nel 
2 ser -1165.8% 1306 2142.4 
=71e0 #29544 D302 23004 
@“lU01le7 411.2 B0el 16%.7 
ellSee =4467.9 9502 10103 
11207 =476.1 9706 36026 
10 99.5 =441,.4 YV0e2 @2004h 
1) 287.5 #37/9.4 162.7 6602 
12 96343 2797,9 59.8% 98.2 
13) 244.5 =206,6 4320-11626 
14 225021 =116.R 2Heimleee9 
1§ HRe4 =36,1 16063-120.3 
16 oe Be) 30.8 7eS-l1l13.1 
17 1925 42.2 =Jeol=lU3e/ 
18 3006 117.2 =B.4 =91.2 
19 3926 139.3 -17eA6 =-/6.1 
20 4606 15164 72706 $3409 
21 57 el) 157.4 =38.7 =3)le2 
22 SP e9 157.4 249.4 o/,7 
23 4929 153.5 @58.5 11.9 
24 44.9 144.1 763.9 27.3 
25 37069 133.9 #6500 37ec 
26 2909 122.2 620K 4463 
27 2400 111.2 =56.3 48.3 
28 1920 97.6 4764 5129 
29 14.5 76,6 =35e1 53. 
30 4.0 44,0 =2003 53.5 
31 le3 2,5 “4.0 6109 
32 =7e4 45.7 1306 6209 
33 @)4.4% @94,) 3066 58.9 
34 22502 =] 36,7 44e1 4104 
35 ©3729 =166.4H $306 3023 
36 =37el =]82,.1 59a] 9e2 
37 =37.4 -179.,2 60el 13.1 
38 =3?./ =-158,.2 56.29 =33.9 
39 92566 2122.7 4726 25028 
40 217.3 76,0 3343 762.4 
4) =-7.7 =?5,/7 1503 "6802 
42 eo!) 22.6 =2e7 76500) 
43 bel 60.9 1869 #5467 
44 lle6 R4.4 #3106 736.3 
4&5 1563 92.5 73826 ©1923 
46 174 R7.) =4().1] =2.9 
47 17.23 Talveny =37.4 8.3 
48 1509 54,1 =3008 10.8 
49 1425 39.5 £2369 B.6 
50 1204 31.0 =16e1 4.0 


omrratMNFWwNneoO 


7004 13027 =1e0e26 


be35 


21.238 


009 


Cee3e 810967) 7e9R 
472604181 e20"41e-20 
41640185 e68734.2.16 
3620514308122) 2-54 
PHeOK1LOIBle2ie2l) 
65e2l1"13662 


17238 
1226] 
4e3f 
sels 
2294 
2 eV4 
1.36 
otk 
0/5 
085 
088 
e/6 
eff 
056 
042 
035 
e32 
ec3 
226 
32 
e3] 
ee 
024 
02h 
eel 
ee3 
o2l 
e22 
ef) 
ect) 
019 
019 
225 
028 
226 
226 
222 
oll 
218 
°22 
023 
ell 


B-85 


39.12 
28.78 
18.46 
13.14 
10.15 
7206 
4.16 
209] 
2039 
1.67 
1.06 
084 
0/6 

e 6] 
048 
e411 
236 
033 
034 
238 

0 34 
028 
eel 
e2l 
el6 
019 
023 
024 
024 
026 
eet 
225 
019 
018 
ol? 

° 16 
016 
ol7 
024 
230 
025 
010 


=6.7) 
@2056 
=(10649 
=0235 
@()e42 
=0.35 
#0.03 
= e204 
=(205 
007 
005 

0 

=0 202 
-(1.04 
003 
007 
003 

0 
20202 
=0.201 
02 
205 
203 
002 
004 
004 
003 
004 
004 

0 
=0202 
=)e02 
#0205 
=0.206 
0.204 
©0201) 
=the. U2 
20.203 
=0.201 
e202 
002 
e0l 


T™ No. 


045 


o42 


40 


Swi 


R PHI 

e32 () 
ONS Does) 
025 88.216 
080°59.69 
091760226 
0 88=65266 
037-68.6\) 
e80262013 
0 /6258.595 
0 /127642.9R 
ed8-/3.5/7 
031"#1/9.53 
e20e772el2 
e3l-/ee 74 
e38=12,.33 
o2)eh4.,./3 
e038 84,67 
236280.67 
016-70.17 
008-89 .84 
018 82.56 
026 12220 
016-62.92 
02) 762.97 
el2-18.71 
006 80.83 
e007? 42,80 
e008 714222 
01 3-54.86 
e20=20.10 
el16=37.205 
029-7722) 
029=52.58 
020 326/71 
e018 49,01 
el9 15614 
018 10204 
00) 8.38 
007 =3.20 
014"40.33 
e23=-20.20 
e026 13250 
02) 34643 
el9 75.48 
eel 67e11 
e220) e2l 
005-14.73 
020768.10 
027274.38 
006 =0.02 


102 om TM No. 377 
RBFIS= 14 eSt= 4] 8 SUNE-G5 1420-1424 
LAGS= 50 N= 1136 NT= e20SFC 
MEAN U = 31,4 MEAN w = 1.3 
K acOV U ACOV WwW COV IN CUVOUT SP U SP Ww co QUa PER R PHI 
0 158.3 6RB.9 -117.2 0 1267 3.96 092 (9) 0 0 36 0 
] 138.1 6329.1 -)11.5 U2)0 tf 2298 9.68 1.46 eS) 20-90 ero QQoht 
2 llie&® 570.4 =-=94.6 141.0 4efl 14228 062 2502 0000 c8G GS502 
3 14.9 351.4 =68e5 187.2 14028 47.42 =9 244 17.84 6.67 0 1/8=62.13 
4 3409 158.0 3602 21969 316301452.10"=33.04 51.93 Se00 091°5/7.53 
S = 461) =33,8 =(05 20925 39-VU82052.20-44.27 71.65 4.200 094-58.29 
6 =35.3 -2'12.4 3367 186.1 26697135010"925.96 48.09 3.33 «92-61.64 
VU SO%>os) GINeo il 6405 14665 e500 51220 =-5.92 18.10 2636 o82-71.88 
B ef/7.1 =418,2 4B8eK G60e5 SefB 25032 =Neb6] 80284 2650 0 /3°86.05 
9 =#=85,4H -456.9 10309 4423 40593 18223 -0.50) 6.31 2022 0 f/ 0-85.48 
lo @BH.K =451,9 LOG eA =5.2 3093 12624 =1e13 3.75 2001) e62-88,01 
Tl 28.4 ~-408.5 10365 -“49.7 2605 6611 elS 1.69 1482 004A 84.98 
12 =69.6i) =-334,2? 48.7 =85.2 1265 2.98 01? moll 1.57 eck 78.80 
130 =5?7.e =-237.7 67e.9"113.2 1e23 1.499 =-0.02 GaN hobs ois G Eo) 
14 =37.7 =179,9 41e4-128.0 ole Wef0 S07 =n 07) 1e4+3 cll 22.68 
WES -Olioe Silla 13265-13126 054) «81232 20.213 -0019 1233 e27 55.93 
16 9.0 ROY -13.4-124.3 a4/ e067 -0203 =-).13 1225 024 VG WS) 
17 2505 174.9 =-37.2=-106.1 OSs i/ e37 “0200 =0,06 1.212 016 88./4 
18 3903 CEl1L? £5623 “84004 034 0 34 002 -0.02 tlell 209°51,63 
19 4Ree 97,0) =6923 =4962 236 032 Pace 207 1295 220 85.66 
20 SP el eS aluacs (4.7 -1509 e32 030 004 5077 1.090 e246 59.63 
21 Sigs) 296.44 =/?2.8 lboe2 eee 0 34 096 26 095 032 44.8] 
22 4509 252,65 7634.9 44.4 02) 035 004 006 ee SOC 
23 3669 NE ia) “49.83 66.2 a2e o2T 202 U7 bi) ars! Weo0RAt 
24 25el 199,3 =31.08 1309 020 e 18 000 200 083 202 15.56 
25 12.6 PBY -1361 82.9 024 °18 =0.02 =-0,03 280 e1l9 57.41 
26 iio) -45./7 4.5 18.1 025 024 =-0.06 =-0.U2 onlin) 025 22.65 
27 =-ll.7 =118,2 19.7 66.0 e22 ee7 =0204 -0.01 014 219 14.32 
28 =2%.)] -155,0 Sigh 49.0 022 225 002 6.00)! afi 008 28.56 
29 =74.3 =183.,5 39.0 28.8 020 e22 203 004 069 23 Get 
30 -24.7 =192,/ 41.9 929 el9 aly 01 004 Ol e25) (06 
31 =21.1 -183,.4 40e1 =de6 023 016 02 004 005 2022 63.16 
3? -14.9 =159,.5 SEG 1) Sr2ore} 024 el8 - 200 02 063 ell 82.84 
33 -11.2 =124.5 C726 73323 ele el7-=0203 V0 05) elY =8.11 
34 “406 82.46 MOon GIOoo el7 el5 -02.04 =-0.,00 039 e2/ 6204 
35 lee =-38.3 Gey =39.26 e138 el2 =0 2.02 V1 OP) i eo 1 B8=-24.46 
36 Aol 5.4 1e9 -35.2 022 ell 20201 eV3 0345 019=-62.23 
37 Ye 45,10 “509 -2/24 ee3 el2 elie e001 094 209 28.15 
38 12066 (AdiGis) =9.5 -16.8 we 014 006 =-).U4 cies) 0 39=-35.51 
39 lisieS haa Nt =12e/ =5.8 ec3 ae Ge) 006 =-0.06 0D] 04/=44.42 
40 ioe) ) Wiese 9 olbae2 Sel elf e1l3 004 =-0.,04 030 © 38=46.53 
4] B62 Sal Geet) tos) el6 014 004 =0.03 049 032-41.40 
42 44 Noe rent =15e6 226) 019 015 000 =0.02 048 o12-86.40 
43 =Ner 79.1 1360 Coe? eel e0l6 -0.204 200 e4/ ech -1.60 
44 =4.6 49.') =~1004 elel 024 oll i =()2.02 eo Ol 045 0l2-29.214 
45 =i7 5 165) =7,) 23-6 024 014 200 200 044 202 61.215 
46 =9.9 =16,.2 =4.9 Wor e1l9 ell -0.00 =0.U02 043 el2 78.25 
47 e10e1 42.4 -3.3 ToT eel 010 -0201 =U.01 043 ell 62.37 
48 -2.8 =61.4 =-1.8 =2.) e22 e009 =-0.00 V0 42 eV2“51.21 
49 =6.2 =71.,4 =0.5 -11.9 eel) 008 200 =-0.00 eo] 203-48.13 
50 22.5 71,8 3 -19,3 eld 004 =9.00 =0.00 0+) 02 001 
CORRELATION COFFFICIENT =02 34155 


B-86 


103 om 


BBFLS= 14 Letem | 8 JUNE -GS 1428-1432 
LAGS= SU) N= Lisy NT= e20SEC 
MEAN U = 36eec MEAN Ww = @=]02 
K acQV U ACOY w COV IN COVOUT SP U SP Ww CO 
0) Wives GheaA SRG ) lo@s) Bae) 019 
1 Oral sleet S265 S301 1695 5.88 020) 
2 78.4 300046 =-5H.6 Ye? eel 9287 22 
3 490.43 195.0 38.2 130.6 7438 25-33 =3.40 
4 1R.9 74.5 =1502? 14d02 204d 67097-16296 
5S 89 944.2 Be4 14165 28032105296-26.61 
6 2#37./ -)45.5 2965 L2l)ed 2099 85257-17251) 
7 ao 725 =-219,)) 4504 89.8 Led3 Gyre fall -6.25 
a Nblef a25h,/ ST e% 52.0 6.2/6 BU GMS -3.74 
9 =605,9 @P64,7 62.2] 13.3 3024 13.59 =-1.94 
19 =64.1 =240,3 6967 =21064 Le3l 4.252 =().2R 
ll 940% =13,4% D304 —49—4 hows 1.91 =0.24 
12 #4109 =133,9 41.9 -68.2.3 12619 1.00 =0.39 
13 =25e! S7/ Wa Il Plee -llee Lee? 0/6 =0042 
la =8.6 e)]0.5 t1e4 -77.5 1206 060 =02.24 
15 5.4 a0.4 “4el -69.8 e770 044 =()206 
16 17e! RO.9 \21le? =“D5leh 050 035 -0.05 
NG 24026 to7,* “2709 ~4eol Jenn e29 -0,04 
18 39.6 1?2.% =34.9 =-27.0 Oeil e222 -0-04 
19 33.6 1276.5 “39-7 -12.3 oc e16 =0.05 
20 daah 1P0.5 -“41.] Pas) e3) el2 -0.05 
21 33.45 196.) 9-39.41 11.9 028 009 =-0205 
22 396 M525 =35.] 22.0) 024 ell -0.06 
23 2408 Baba 2) -?Taf 30.0 Py-a0 | e1l3 -0.03 
24 i we) Pa? -1/.8 3602 020 ell -0.01 
25 17.1) =-3,) Se | 334.9 22 ell =-0.05 
26 le/ IG }) A II 5.7 38.9 02) e010 -0,04 
27 =6.5 =58.9 Oven 7: 340.9 ec2 009 200 
28 -13.4 =i 2504 28.0 023 006 e202 
29 -19.9 HRS Shiligs} 17.9 019 U5 202 
30 =2?.7 ~-8KL4 3364 bed el6 009 -0.01 
3] =23.2 OIE) Be 31.2 -6.4 eld ell =-0.02 
32 =2767 “60.9 2625 -1lbe2 025 009 -0.01 
33 217.2 =36.1 19.3 -27.3 024 007 01 
34 -1) 24 -4.1 10.5 23726 019 206 001 
35 plat a! 19,4 le? $32.9 023 e07 =-0-01 
36 5.5 47.8 ~704 =296)) e3) ell =-0-01 
37 WoS 59.0) =-13-61 -21e4 e026 ell 202 
38 15.4 60,4 “16el “11.5 e2e 007 202 
B9 L761 A9.5 “1604 ).7 °30 005 200 
40 1404 56.2 “1465 9.0 030) 006 =-0.01 
41 l4a.i 41.9 =112¢0 1629 2] 007 =“0-04 
42 166 22.4 =“628 2125 ec3 206 =-0.03 
43 7el rr) “3.6 23.1 e030 006 001] 
44 2.5 =-13.9 -0.3 226.4% 035 e 08 eUl 
45 =1el =?5,9 ]e9 19.9 ess ell -6.0} 
46 m30H = 3600) 4.1 14.7 29 ell =-0.03 
47 =A.:) -41,4 4.5 10.9 228 e010 =-0.03 
48 724 43,45 4.6 525 029 °©08 -0.02 
49 =4e4 =-4¢e./ 3.8 tel 025 208 =-0.02 
50 =Hel rie) oie Lee -2.4 e10 004 -0.00 


CORRELATION COFFFICIENT 


=e 359 


B-87 


OV SIT 


R PHI 

5240) {) 
020 732.02 
e62 85,51 
083-72.50 
092-60.27 
094=58.81 
092-62./8 
09071054 
288-71.76 
oe /6=67225 
04]=-73,33 
0 38-65,57 
050"44,33 
091-°32.30 
032-21.42 
018 50,06 
e3]l 65.09 
e222 53.269 
015 14.82 
026 6293 
024 4.50 
029 =6.04 
0 36-11.88 
020723641 
009-18.02 
e367°13.62 
o32-24.02 
003 81.74 
0 18=23.94 
019=29,70 
e008 43.3) 
e016 -6.55 
013-55.29 
01M 50.54 
009 6.05 
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23 6ol 41.3 712.9 4.9 005 092 =-0.00 200 087 
24 Te!) 38,2 -13.0 =3.4 095 eUl =().00 =) .UU 253 
25 7.3 329) Nel 18 005 eV2 -0.00 -0.01 280 
26 Te) 24,48 =-19684 =(e2 205 202 =0.00 =-0.00 ell 
27 Ce 135°) -Awt) 1.5 eUS e091 -0.00 =-0.00 0/4 
ea ed 6,3 -5.l 3.0 206 00) =().01 =0.00 ental 
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30 403 =11.8 28 So 004 e001 -0.01 =-0.00 067 
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32 eY =74,4 5.9 526 004 el] 001 U0 263 
33 =7245 =?P/.? Bel) 5.2 0 U4 Puen 00 200 e6] 
34 OH) oS) SAB 69) 926 4.5 203 e01 =-0.00 200 059 
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37 =404 =-71,7 309 lel 006 001 =0.00 =-U.00 094 
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025"43,30 
010°34.02 


f ell -8.35 


anlar, 35.62 
010 43.46 
2 08-86.63 
005=62.50 
209 75.85 
012-88.93 
el2-57.02 
027748.99 
026 -0200 


{lo om 
BRF| S= 14 6e5Me LT 8 JUNE - GS I553- $557 
LARS= SN N= 1583 NTS .20Skc 
MEAN ji] = 15.6 MEAN Wis =2.25 
K ArOV U AROV w COV IN cOVOUT $2? U SP Ww co 
A 17.8 Teo) “wl 165 ia) 048 5241 -1.19 
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4 Aes 47,6 =h.A =-(),.9 Ae4? 21263 =5.23 
5 -1.7 33.4 “4.2 1.8 12.99 15.90 -7.87 
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25 74 31,8 “9.3 4,3 05 001 -0.00 
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=-1/93.5 -79,9 -114.9 Wishiont) oil eo V4 oI2 
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el5 34265 
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eU/=49,77 
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alr=S52e.(7 
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oe Dod 
00744657 
0ol4 Ro243 
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ele R0.14 
0ol4 59294 
elod=23e10 
023-52 eee 
ele=d7e4k 
ell-85.eu 
0 0R=6ce46 
004 19639 
elOe56e4e 
02221 eI 
ofl 5264 
026-122.39 
014-24,(15 
elf 6ReAS 
205 (2-0U4 
016-102e3 
026221243 
el7-17.52 
006 =$7—54 
eld-2le4 
al4=-34.H9 
ele 2505) 
el/-32./9 
el4 80.31) 
2004 87250 
Oi = Ste 40 
002 =4ec9 
01lY 19.263 
e228 26012 
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Hd LI-u TM No. 
BBE! S= 15 OK ?.5¥%- IT \9 TUY-EG5 2003-2002 
LAGS= S50) Ne 1705 nrs .20SFe 
MFAN UW, = «3.5 * MFAN M3 = 669 
K ACOV Uy ACOV Wa COV TN COVOIIT S? a SP We CO QUA PER 
M9 47506 2715.4 -242.9 9 5e9F 12.97 =1.75 i) i) 
1 455.0 210.9 =237.4 Pod 35090 32,23"71.70 =1,.37 ANNN 
e@ 497.3 198.5 =221.6 4.9 9Re87 58.52-68.82 -5.33 10290 
3 326.3 180.3 =-196.4 4.9115093 6120377259 =-1,3!) 6e57 
4 ?P38e4% 157,68 =-)64.8 4.5 AGel? 27265=36.84 2.19 SeUD 
§ 149.9 132.0 =128.5 3.1 41031 9.88=-15.27, 1.80 4.00 
6 69.7? 195.9 =90.? 09 44.72 5,86-11.86 1.88 3.33 
7 129 77.6 $52.3 =2,1:°33.59 2.96 =-6§.45 1.56 2.836 
BR -49,) 50.9 #1666 #523 140el7 12654 =1,.8R7 1.4.07 2650 
Q 884.7 25.45 1525 =8.5 7258 °Al =0,57 eo3R 222? 
10 =-105,] 2.4 43,2 “10.9 4oVR 055 =N.20 ale, 2090 
11 -115.4 “18.5 64a" =12.3 221? 0 35 20046 294K 1.87 
12 =119.7 =26,8 AB4.3 =12.2 1,50 025 500 BOSOS il6@7 
13 #12124 =52.3 9RH 217.7 099 015 =N,07? =0.7 1254 
14 £123.9 =45.9 11%.) =1?.1 «56 014 =0.07 -0.93 1.642 
1S =129.5 =75.9 11829 11.3 e333 210 -0.03 ois} a sis 
16 ©) 34.2 =22.3 12526 219.4 033 e908 =—N,0) al& J2c5 
17 =146.7 =86.9 139,3 =9.3 229 0S 20? e4- lee lA 
18 ~-158.8A =-29,1 137.9 =2,7 Al 016 20? eU3 owl) 
19 =17%9,2 =88.2 133.3 =7.41 el? 295 09? 20? 1,205 
20 =178,.3 226.3 131.3 =6,.0 209 004 ao) al 5 Wal 1.00 
21 | AR 281.6% 12628 4.9 oT 093 eo!) PO) 09S 
22 @1746.1 275.9 11966 3.8 007 203 001 290 09) 
23 -16%.1 66.7 1099.6 =2,.5 006 003 000 =-0.09 e877 
24 =-144.9 -56_7 9646 -1.9 045 ef2 -0.00 =-0.,00 083 
25 #11925 2453 80.9 aA 005 00? $0.0) =0.209 Prog) 
26 -B8R8.R =37.,8A 6361 39 205 02 =0,00 =-6,09 Ot 
OT #54.8 19,7 43.25 5.4 004 002 =0.00 200 5k 
PAR 19,2 =6.5 230? Wal 004 001 =9,.00 200 ental 
29 15.5 is te 2.9 +1029 203 oA) 000 200 269 
30 46,8 19.45 -16.3 12.9 004 oA] 209 009 267 
31 7729 aa 1 = 33.8 les your, 004 So) 200 009 0 AS 
3? 93,8 42,9 68.2 15,2 093 001 =1.00 200 063 
33 195.9 52.9 =40.9 16.5 04 e0] =-0.09 =0,09 Puen! 
34 117.5 41.5 =70.2.1 17.46 014 eM) “0.00 =-0.09 059 
35 114.3 68.7 =76065 18.7 0 IS 91 20.09 =0.00 057 
36 117.3 74,2 =R0 4 19.9 0 M4 oO] =0,00 =0,00 056 
37. 107.9 7B.0 =-82,2 2).9 094 001 =0.00 =-0,09 254 
38 102.6 R02 -A2.4 27.) 004 e001 =0.01 200 033 
39 97.4 i =31.4 C251 0 M4 00] #=0,00 209 58) il 
40 929 R0O,3 =80.9 23,9 204 e001 -9,00 20% Pol) 
4) 8920 | USS) =77.8 2224 004 09) -0.00 209 049 
42 AR 3 75.2 =75.0 21.4 094 29) 200 ma) 048 
43 R1.2 V5) Ovilsae) WS57/ 003 600 200 099 047 
44 75.7 65.3 =66.5 14.9 293 eO1 209 0UG 045 
45 62.5 5A.R =60.2 13.3 203 201 200 -0.,09 044 
46 59,9 51,6 =52.4 8,9 203 oO) 000 #-0,00 043 
47 47.3 43.2 =43,3 4.2 093 e001 2000 -0,09 043 
48 3420 35.4 «33.2 =9.A 203 01 =-0.00 =0.09 042 
49 P70 26.R 922.4 =5.5 Os e001 -0,.09 =0.,00 +] 
50 4.1 18.) 11.4 =9.5 092 000 ©0200 =-0,00 P20) 
CORRFLATTON COFFFICIFENT =12758 
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235 
e037 
036 
025 
oct 


el7 


205= 
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64,6/ 
52./R 
B25 Is) 
43.90) 
146.84 
WAG Sw 
21.287 
37,49 
lesioaval: 

094 
Svan (isk 
252049 
(Nod 
28.09 
A125? 
45.46 
50.07 
65.467 
40.67 
39,97 
22.94 
17,91 
46.34 
47,44 


0 99=-13.56 


OWS) 
oiled 
098 


57,44 
ilies 3. 
R5./4 


0) 1-43.43 
01 8-44,57 


219- 


e013 
01? 
016 


22,43 
36. ()) 
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N4 LI-u 
BRELS 15 082.54%=9= TK Co 19JUL“#65 22012209 
LAGS= 50 Ne 1555 OTS Oe@Sreu 
MEAN We 76.4 MEAN We ?4el 
CORRELATION COEFFICIENTS e/l 
K ACOV UW ACOV WeCOV IN CUVOUT SY USP Wa CO QUA PER 
0 L3beu Red 1504 0 Co4f 2299 069 ) 0 
] 1266] 77.8 7308 e168 1Lired/ 9.8) 6287 =0.U7 2Ue00 
4 Lleel) PAW) 64%el =3.3 2Hell C1leYT 22.64% e226 10200 
3 9P 65 61.4 6lef e467 34018 22664 25014 =00/9 6067 
4 69e! SN aw) SAel M503 14e32 Ge26 10063 =1e4% 5-00 
5 46e7 40,6 4lel =5.4 Yelb6 3e07 30223 -1246 4200 
6 ene 90.5 29046 =5.0 392 2053 eeo37 =-0.241 3.233 
Ul 7e3 Zalve 1806 S409 Yel6 2049 2e33 =0291 2086 
B =5_4 Wav Be4 =2e6H Delt 2051 1046 =9044 2050 
9 =14526 5.9 ZU0e9 =1.3 lel% lee? 019 #0.c3 Cole 
10 @23.3 =(),3 =9e.1 0 1e00 e062 =()203 -).U0] 2eV0 
11 =77.5 =6,() =lb5e4 oY 266 o37 0 04 oy (9}'5) 1.82 
12 =J0e3 “11.4 =23.0 ent e4e 230 06 05 1.6/7 
is @3?,9 -17.6 =2Kab Cot ecl el9 ef) eVl 1294 
14 -3509 =73.4% =3306 209 024 e013 21205 of) 1643 
15 2439.6 @=?B,4 =38,.7 at 024 014 2=( 207 23 1-33 
16 =44,3 =33.,6 =42.e61 eek 02) el? 02-04 eVl 1e25 
WIA =449,!) = 37.5 =4503 29 Pe ee) el6 =Ue02 -0.U1 1.18 
PR #5301 940.1 =4le6 3.0) ol4 el2 =0201 OP Weylal 
WO #5603 941.5 “4804 2e% el4 ell 702-01 0 1405 
20 257.5 41,1 =44.e5 col el3 009 |=020)] =0.U1 1.2090 
21 25604 =39.0 =4604 203 ele 006 0 ©0201 095 
22 29705 =35.7 @4e5 1246 eld 005 eUl 1] owt 
23 -45.9 =31.9 3762 ie 009 005 00) eVl 087 
24 = 3H =-?5,.7 =-jl.] =)02 el9 e005 0 eV 083 
25 @25e6l) =?7?0,2 =24,3 =1.2 008 004 -0201 0 280 
26 e150!) -)4,+4 -1744 =1.28 el 04 0 0 lat 
27 =4e7 «9,/ =“10.9 =2.? e008 004 01 eVUl of4 
2a See =5,.1) @~4e4 =2.245 209 005 e0)] 0 ental 
29 1360 =0,3 hal =7.9 009 206 0 0 069 
30 L867 4.1 5.5 =3.1 208 006 0 0 067 
3) eee! 8.2 1002 23.2 209 206 0 ) 065 
32 C5 es 12.3 14e3 =3.1 elV 006 (201 0 063 
33 26049 16.2 18e0N 22.3 eld 207 @=0202 =U.0) 06] 
34 C729 20.0 2169 2e7 eld 007 20201 ) 099 
35 2902 23,4 2505 9265 Pe ee) 206 oO 1) 097 
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38 3500) 42,8 34e8 22.9 eO7 006 00) -=0.U1 093 
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42 390¥ 35.5 35e7 =1.5 016 005 0 =-07.U1 0 4R 
43 384 33,7 3325 Vel? 006 005 “0201 0 047 
44 3504 30,8 30¢3 e2 207 006 0 0 045 
45 310 27.% 2605 lel e07 005 0 0 044% 
46 Zhe ZS) 55) 2204 NAW e07 004 0 0 043 
47 205 19.3 1B 62 2ol 207 005 0.01 0 043 
48 1409 Sie th 14.2 202 eo OT 004 0 i) 042 
49 9e5 11.0 104 17 2 V6 004 0 Q) e411 
S50 369 Uae Tel 1e4 e203 e002 0 {) 040 
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1S A LI-u T™ No. 
BAFIS= 15 @?.5M= 2O SULY- 65 2400 -0908 
LAGS® S50 Ne 24622 NT= .20SFC 
MEAN Uae «9,1 MEAN W2 ©1207 
K ACOV Wa ACOV wm, COV IN COVOUT SP UZSP WM, CO QUA PER 
0 41.2 121.1 =8.3 0 5.34 16.90 @0.21 9 0 
1 49.2 118.3 “Boe “004 11638 35.37 =0.99 =2.04 20.00 
ia 3A.) 112.1 =7.9 =A 947 30.66 =-3.35 =1.,26 10.00 
3 35.5 LOS 7. =704 "1.3 7000 16099 =3.27 =0.14 6267 
4 32.5 94.3 =6.8A =1.6 3029 7019 =0,35 =0,07 5.00 
5 2904 84.5 25.9 =2.0 1298 4,33 020 =0,13 4.00 
6 24e) 74.8 =5 oN =263 061 2096 =-0.23 20,23 3.33 
7 2709 65,8 =4,1) =225 049 1.96 ©0.12 =0.19 2.86 
8 19.7 57,4 =7 69 =?.6 236 1.45 0,02 07 2250 
Q 1407 49,7 =1,.8 =2.6 023 284 5 (ual 205 2022 
10 13.7 42,4 =0 28 =267 019 057 002 001 2.00 
11 19.9 35,8 3 =2.7 014 045 003 -0.,00 1.82 
1? A3 29.4 163 =2.A 009 029 200 091 1267 
13 4.0 23.4 2o2 =2oA 08 016 =0,01 000 1254 
14 a.A 17.7 3.2 3.0 007 ol2 00 090 1043 
15 129 12.4 4.1 =3.2 005 ell 001 200 1.33 
16 04 7.25 8.0 =3,4 005 010 -(1.00 =0.00 1225 
17 =-7,8 3.) 569 =-3.7 04 098 000 =-0,90 1218 
18 =la7 1,9 607 =4,0 203 007 000 =0,00 verlell 
19 =2e2 @4,7 703 @4,3 002 005 290 =-0,00 1205 
20 =?,5 8.) Te7 =4,4 002 0G =(9,00 200 1.00 
21 265 =11,0 7.8 =4,5 092 0 5 =,00 290 095 
22 27.3 -13,2 Tel =4_4 02 004 200 =0,00 09) 
23 =120R ©14,9 704 4,3 002 003 000 290 287 
24 =102 16,1 6eR 4,9 201 e002 -0.00 200 083 
25 “025 =+16.9 509 “307 00) 002 -0.00 200 80 
26 03 717,43 4.9 3.5 0] 002 200 200 of7 
27 Yee 17,5 Be? 7302 00] 002 000 =0.00 0 (4 
28 2eA -17,5 203 -3.1 00] 002 000 =0,00 ef) 
29 Pe7 17,4 eal =3.0 eM) 00] =(1,00 =0,00 2069 
30 2.2 =)6.9 =0.9 =3.0 001 e901 =0.00 200 067 
Sil 34.6 =16,9 =2.5 3.0 001 012 -0,.00 =0,00 065 
32 3.9 =14,7 =309 -3.1 01 eV1 -0.00 -0.00 063 
33 4ol =13,9 =5,2 =3,1 009 200) 200 -0,00 26] 
34 4e?2 11,9 "602 =3.0 000 e001 =0.00 =-0,00 059 
35 43 =9.0 =-7.l =2,.8 090 001 =0,00 =-0.00 057 
36 403 @7.0 =-729 =2.6 200 oO) 200 =0,00 056 
37 4e? @5,? =Ae4 =204 200 eA] 200 =0,00 054 
38 hal @-3,7 =8.8 =2e1 290 00] 200 =0.00 053 
39 308 8992.5 "9.0 167 000 00) 000 -0.00 051 
40 3.4 1.9 =8e9 =1.7 000 e001 000 =0,00 °50 
4) 29 -1.8 =Be7T =006 000 00] 000 =0,00 049 
42 Ped =2,3 =8.2 =-0.1 090 Pat | 200 -0.00 048 
43 liten i: =3.,2 @7.5 05 200 oO] =(9.00 200 047 
44 le] =4.6 =-6.5 lel 200 e971 =0,.00 200 045 
45 06 =6,4 =5.5 1,8 000 00) 200 200 044 
46 =1.9 =8.4 =4,4 204 200 00] 200 -0,00 043 
47 =0e6 =-10,.5 =3.2 36] 000 e001 =0.00 -0,.00 043 
4A =1.2 =12.4 =2.6) 3.9 200 091 =0.00 200 042 
49 =108 14,5 =-1.0 4.7 000 e01 =0.00 200 041 
50 p =7e3 =16,3 el 5.3 200 290 200 200 040 
CORRELATION COFFFICIENT =0e117 


3TT 


R PHI 

002 0 
ell 64.16 
e2) 20,55 
OO. Bao! 
007 10.66 
011-32,09 
024 45,09 
016 39,94 
010°72.05 
obs) 755s) 
2006 24,28 
013 -5.12 
003 71.93 
009 -2,65 
004 53,52 
009 37.31 
001 62.71 
007-61.49 
011=33.61 
209=74,60 
007=296.17 
001-81,88 
0095 =-0.58 
006 66,8) 
e14-50.90 
009-88,.5] 
ol5 26,26 
014=°12.47 
009-86,.97 
ell 38.29 
015 =6.27 
e20 12,85 
017 44.49 
el7-77209 
015 89,33 
019 86,35 
019=62.56 
014=30,58 
006-18.,46 
008=50.44 
013=36.40 
024-4910 
015=-88.62 
0l9 -8.93 
018=-31.03 
004 18,28 
007247249 
009 22,82 
017-18.56 
010"48.54 
005 2001 


158 x brt-u TM No. 377 


BBEI S= 15 0-2.S5M= YW 20 JULY-5SG@ 02930-0934 
LAGSS 50 N= A006 NTS .2nsecr 
MEAN U 2 =21.00274 
K ACOV SP PERIOD F (MC) 
0 98.3 5.2 i) 0 
1 88.9 14,3 20.29 50.0 % 25M CHANNEL OUT 
2 7302 16.4 10-9 100.9 
3 52.5 11,6 460.7 159.0 
4 341 7.0 5.0 200.9 
SB HRGO 4.1 400 250.0 
6 Tel 5.9 303 300.9 
1 124 yO 2.9 350.0" 
A 09 9.4 2-8 400.9 
9 403 3.9 2.2 450.0 
10 9.7 1,9 2.9 500.9 
11 15.3 1.46 1.8 550.9 
12 18.) 1.9 1.7 600.9 
13 1704 of 125 650.0 
14 13.5 24 164 700.9 
15 Tal ad 1.2 759.9 
16 =A A 4 1.3 800.9 
17 2904 a4 lee 850.9 
18 =1828 od) 1.1 900.9 
19 @=P75.5 Ke lel 950.9 
20 =2907 ol 1201900,9 
21 29%) qi 1201059.9 
2e =25.,7 al o91100.9 
23 =)8a? Al 091159.0 
24 =19.3 oil 081200.9 
25 =2.] ot 081250,9 
26 lov ai 081300.9 
27 3-7 oll 071350.9 
28 36) 31 07140029 
29 =V.4 Aa 071450,9 
30 @6.2 mal o7)500.9 
31 217.9 al 061550.9 
32 19.9 ant 06160020 
33 =-27.7 eal 061650.0 
34 223.7 ea 04)700.9 
35 @21062 al 061750en 
36 e=LAaT al 061800.9 
37 211.2 aa 051850.9 
38 =6.0 Aa 051900.9 
39 1.47 mn 0519504 
40 oA A °52000.9 
4) Yo an 05705029 
42 - Pid Bal 052100.9 
43 =2.5 ail 057150.0 
44 =5.26 ail 05220029 
45 =9.2 ad 04225029 
46 =1Me4 al 042300.9 
47 11.3 al 042350.9 
48 19.9 Ait 042400. 
49 =9.) nal 047450.0 
50 =5,4 50) 042500.0 


% 25™ CHANNEL OUT 


B-100 


6 LT-u 
OBFILS 15 1=3.5M—: Cs AIQJUL=65 1234-1237 
LAGS= S50 6e0 OT= 0e2See 
MEAN =28.3 MEAN Wp==?2 05 
K ACOV Uy ACOV UWeCOv IN cOVOUT Se UySP Ue CO 
0) 712.4 49,3 60 ) tosis) Tel0 ~4.27 
l 69.7 4/.3 5.9 =7.6 13094 12-00 =4,.46 
2 6567 45,4 See =Del [3019 10041 3-67 
3 60el] 42.5 4!) -7,5 11035 10642 7216 
& 5364 34.9 204 =FeT 4036 5SeI2 3694 
5 4604 35.2 04 -11.3 2233 099 o TF 
6 40.1 30.9 2201 12.4 1-6) 050 =-9.04 
7 34,1 26,4 -4.9 Sra es 2el9 a4) =-1.38 
8 249.3 22,9 “8.0 “13.3 1.88 eo2f =0.28 
9 2527 Wer =A 13,0 063 016 -0.207 
10 2P at 13.4 ~1463 lee4 e1l3 013 201 
il 19.2.5 Gah -17el GS) old e009 202 
l2 16429 B60) Sils5a) Sod 009 008 01 
13 14,4 Bal =21.5 =9.1 209 UT =().0] 
14 WAG a) =22el -7.,46 009 096 0) 
15 AH -2,0 -23.3 =6,() 007 005 aU) 
16 509 =3,/ 723.2 4,3 006 005 002 
17 322 949 =22e5 -2./ eU6 0 V4 202 
18 1.2 25.46 =Pl.3 -1.1 205 oU4 0 
19 oe) =5.5 "19.8 04 005 005 -0.201 
20 «2 =-4,2 -18.2 eet 05 0 4 0 
el 103 =3,4 =-1664 3.4 204 e002 0 
22 3.3 =-2.1 -14,.5 4.7 003 e002 -0.01 
23 Sev -0,4 =1?.5 5.8 003 003 -().01 
24 Ro7 1.7 “19.5 606 003 013 -0201 
25 11-4 4.9 ~R.4 (ann) 003 203 -0.01 
26 13.5 (2) 5.8} —-605 vor e003 202 0 
27 149 (3) 5 '5) =4,5 Vol e003 el 0 
2a 15.64 10.4 =226 6246 003 091 0 
29 15648 12.5 =e8 649 02 01 0) 
30 15.3 14.1 ot 5.2 002 °02 0 
31 14.6 Soe) 202 4.3 092 003 () 
32 13.9 16.2 304 3.5 002 002 0 
33 1324 16.6 4.3 205 002 Par 0 
34 13.6 Loss 4.9 ho) 202 003 0 
35 MIG Wee S} Seti 05 204 003 0 
36 144 15.9 4.9 =(1e4 005 004 0 
37 14.7 ore 4.3 -1.0 204 004 0 
38 14.8 14.2 3265 =-1.6 004 002 0 
39 14.4 12.9 eel =2e2 004 002 0 
40 1344 11,6 1e6 =2.7 003 0V3 -0.01 
41 12.20 Oat 06 -3.3 003 003 0 
42° 1n.el Brene. =02¢6 =-3.9 202 003 0 
43 7.9 6,8 -l.7 =4.7 002 203 0 
44 5.7 eigil “209 4.5 002 004 -0.01 
45 3244 3.2 -4.] =4.6 ele 004 =-0.01 
46 lien ail =525 =4,3 002 0U3 =0.-01 
47 “5 -0,6 “603d -3.9 002 e002 -9.01 
48 =? =2.46 -/.9 -3.2 202 002 0 
49 m4,4 -4,2 -9.1 =2.4 002 002 0 
50 =-S.7 =5.5 -10el1 -1.6 ofl el 0 


B-101 


QUA 
0) 
-1,49 
-4,35 
=5.34 
=2.2609 
=0,90H 
~0e29 
-0,21 
=0.05 
o U4 
02 
Ve 
20) 
03 


TM No. 


PER 
9 
20200 
10200 
6.67 
5.00 
4.00 
3.33 
2036 
2250 
2222 
2200 
1.82 
N6@7 
1.654 
1643 
1.33 
1625 
1.18 
lell 
1.U5 
1.00 
03S 
09) 
ST 
033 
280 
0/7 
0/4 
eo!) 
269 
067 
065 
063 
Pion | 
059 
057 
056 
034 
e233 
el 
230 


049. 


048 
047 
045 
eo+4 
e+3 
043 
042 
04] 
040 


SAL 


R PHI 

044 0 
Be Rol hen 
0 49=49.83 
082-36./3 
044-34.26 
2064-36290 
aclel iba 7/3 
04h 29459 
040 10.37 
0265-26045 
el8® 72049 
e2f 36.294 
25; 4503/2 
042-80 e4R 
037 88.38 
e333 48.50 
042 20094 
e3] =()e63 
005-49.92 
019-53e94 
097 Sleld 
004 79279 
023-266/74 
0 39 1.24 
036 1le3? 
e31 38626 
03) S7e02 
233788. 3H 
0 46=80.295 
038 73618 
013 80-82 
0259-50022 
0 32-53040 
014-5464) 
0 U4"H1.31 
006 2450 
009-16.48 
001748. 36 
el4-72.55 
el0-11.39 
elk =-3.253 
026-12, /4 
025767094 
e2)—142.05 
023 =9.33 
238 -8./70 
04] 3.201 
034 35042 
224 61235 
e0R=88.88 
eV] =0.0)] 


17 LI-u 
BBFILS= 15 3-5e5M= 1 20 JULY—65 1252-1255 
L4ess 50 449 NT= ,ANSEC 
MFAN llg= =24,5 MEAN & = =2720 
K ACOV Ug ACOV Ww, COV TN COVOUT Si USP & Co 
n 41.7 59.7 19.9 0 4065 13.79 ?,09 
] 39.3 57.4 1941 1.9 11¢89 19.85 4.81 
? 32,3 56.0 1B 04 32.9 %e91 10620 5.87 
3 3606 53,8 Wrov 5e7 87029 «74690 4.83 
4 33.9 50.7 1606 Yo} 2002 GoSsd = ioe 
5 37.8 47.5 15.2 la i/ 059 095 =0.00- 
6 ?f.4 43.9 13.6 929 041 237 205 
7 2567 40.9 1le7 10.8 i ec) e028 -01,04 
8 2129 36.) 9.7 11.4 e1l3 015 -0.05 
9 18.4 32,3 Toe tiael 099 009 -0.92 
10 18,3 28.4 Bo@ . leo 0046 008 =-0.00 
ll 13.3 24.9 3.3 Nilo 205 OK -0.0) 
12 963 21,9 tos} Wilod 205 097 =1.00 
13 4e6 19.9 =-(),4 Oran: 204 2006 201 
14 4_4 16.4 =-2.1 9.7 004A 004 =(.00 
15 Pee 14,8 =3.5 ot 204 204 =-0.00 
16 o4 Wo2 -4,7 7.4 003 094 =9,00 
17 =1,.0 eee “5.7 6.5 093 094 =1.0) 
18 27.7 11.46 =6.3 5.5 04 004 -9,.01 
19 =709 ele =6.7 4.5 004 03 000 
20 =3.3 eae =5.29 3.7 003 003 090 
2) =2,4 We®) =-6.4 3.9 03 203 00) 
22 =3.1 Wat “5.5 204 003 203 00) 
23 7.4 13.46 =5,9 204 202 ©93 -0.00 
24 =2.,1] WO5% 54 Pee 002 003 =-0.01 
25 =1.3 1Sq v =4,5 206 03 204 =-0,01 
26 anad Grew =3.5 208K 003 004 -0.00 
27 of Vov =?.5 3.5 003 293 200 
28 109 1A? 1.4 3.9 04 202 200 
29 2.9 18.45 = .3 4.7 03 e002 200 
30 209 18,A of G5) e093 003 2000 
3) 49D 18.4 129 6.3 203 093 201 
320 5.6 17,8 204 Vos} 004 06 oO1 
33 4e3 16.9 3.7 B.? 004 007 =.00 
34 6.5 V5 7 3.4 9.2 004 095 =1.01 
35 4.7 14.9 3.8 9.9 e005 04 =-9.01 
34 “604 Waa) fay lOrenre 206 003 =-0.01 
37 Ao 10,5 Bos  Wilee2 206 094 =0.01 
38 5.3 6} 5) 3.? 11.4 004 005 =0,00 
39 4e3 6,4 Ags ilar) 005 0 04 20) 
40 267 4. 1-6 11.7 205 004 200 
4} 129 2.? oA 11.6 205 04 =-0.01 
42° 05 .? =) .6 Whol 205 003 =0,.01 
43 =7.8 e1.5 “1.9 109.8 005 203 -0.01 
44 27.23 =3,? -3.3 19.2 004 e004 -0.0] 
4S 22.9 24,5 @=4.46 9.4 005 004 -1,02 
46 =&,() =5.7 =6.9 aR 004 004 =-0,02 
47 @24—3 =6,9 =-7.4 8? 002 e003 -0.0) 
4, -7.5 ~7,7 =-B.6 Wield 002 093 =-0.00 
49 HQ. 3 =8.5 =9.8 Ton 002 e003 -0.00 
50 =2,9 =8,9 -10.9 6.5 eA] 001 =,00 
CORRFLATION COFFFICTIENT e381 


B-102 


T™ No. 


1643 
1.33 
1225 
1.218 
lel) 
1.05 
1.00 
095 
09) 
087 
233 
281 
ovY 
0/4 
e771 
269 
267 
065 
263 
06] 
059 
057 
056 
034 
053 
05) 
Poy) 
049 
0 4A 
047 
045 
044 
043 
043 
42 
04) 
040 


ST 


R PHI 

Ware i) 
079 320k6 
2 f/R 35.68 
efi) 51.5] 
0 26=-89,846 
01 /=45,68 
oft 44,34 
0 33-102.83 
041 -48.62 
0!11=59.2) 
022-2254 
2 24=-86.30 
ell 26.29 
02) R947 
el? 48.764 
0I99=66, 36 
e164 11209 
016 31.9% 
0) 3-75.29 
027-52. /) 
023-76.) 
eel 8.10 
9 )}8=67.4? 
0 34-16.5) 
OS Clove 
6S)3} 795314 
0 33-63.11 
027-41 ,94 
021-/6,48 
o24-6R.4R 
025 10.88 
018 21.42 
01% 85.97 
oli6) 3883 
019 314,59 
o2) 16.12 
123) 836 
018 &5,34 
03)=35.)]8 
JWG) Wile /S 
0 34=43,64 
“9 39=34,44 
04h 44,47 
047 38.47 
5S) i =-1,4() 
042 3.205 
044 33.83 
elf 16212 
023-77.76 
el2 -0.0]) 


us _tI-u TM No. 377 
RREIS= 15 deaeSt= 1 20 Jury- GS 1241-1244 
LAgss 59 v= 652 OTS .29SEC 
MEAN Wa= -2%.2 MEAN Wy = -2561 
—__K_ACOV Wy ACov M,COv TN COVOUT SP ty SP yy 09 QUAD PER ERE PAT 
0 45,7 76.2 30.7 9 &.B3 8.79 3,24 a) 9 ~42 0 
NE OAL) AT,9 344 169 12012 18040 6,18 3248 29200 0648 29.35 
2 402% 54,8 2929 304 9.04 16.653 5.57 3.48 10200 06] 27.87 
= TSAI! BULA 27/50) Sale ome eee ies i ee9) Gaon 634 20.05 
4 346.3 54,a 230% Ale AO 7083 Sa lid  Le9 “Selo «92 N93 
Neher SNiLatd Use. JAMas) 8 waa Wasi Bol. Woe 045 4.00 o80 14,99 
6 27.4 4).3 154 SA OR) Tl els 2041 =0,08 3633 0498=11,34 
s 7 2325 aa_.? Wea 9.37 04? 1.18 ool 20? 2236 039 4,72 
8 ann are R49 FQ 292A 2A8 01? 004 2250 229 17,39 
_) 15.9 O20) 5e24 19.9 212 042 004 =7,01 2022 «18-15,99 
1” Valea Whey 5) eee Lidell eld 014 #=f.0] 093 2200 »625°62.,22 
i nee eae ey O47 6 Si Shai 203 1582 e26-72,16 
1? Tel 7,4 -3,) 9.4 09 el2 200 091 157 214 73.82 
13 5.7 4.43 4.9 8.4 007 el4 =(),01 007F 14654 o617=70.44 
14 3.5 ot -“4.°? 7.9 PRO 0°14 #9,02 092 «1643 227750211 
15 PaaS #1] ,2 Tif 429 oDA 212 =-(.0) 200 1.33 016216.145 
14 10? <4, OU Ge 6.) 097 ell =6.02 =0.00 14225 219 13.18 
Sen ee Sans) Sins), BN 0 M7 el? =1,0?2 09) 1618 .25°27,26 
18 o% “6.5 -6.9 4.5 PON) el3 @1,0? PaO ) Woven 031-52.62 
49 eee ah =/,9 me. =5.7 3.7 05 ols =1,00 6) 1205 018-70,83 
eo 05 =f lf e4ns 29 Pals) 09 090 =f),00 12.00 204=#30.,98 
2) Ve] 9728 s343 2.3 26 097 200 =0,01 ©95 619"77,.80 
22 1.) =4.4 =1.7 Pad 005 el2@ =-1.9) 001 09] 2162#24.23 
= 2X5) Ai) OS AG ye 2ef 005 el8 =9,02 292 087 023°39.22 
24 2.9 =, 1.7 2." 006 018 =9.00 eV) 083 021°42,10 
(le) IAS 204% 229 Pel 06 013 =9,00 200 280 005=29,.5) 
26. 4.) a 407 24 204 e015 200 =-0,0) Ov 0 0R=57.55 
27 ~ Pages = RWS 5.2 248 0A7 el9 0,02 090 0 f4 e20°12.04 
28 aa au 5.5 3.3 09 eet =-7.,04 «0? Ai) 0 32226,09 
A) Gnesi oO ec i oe al) 001 =469 205 63,23 
39 42.46 =)./7 5.9 4,23 eld 019 004 =0,01 267 O27 -8,90 
ae 31 SeioalD =2,4 5 eR = 4.5 07 Sallt/ 203 =0,00 065 eel =7,04 
32 2.7 23.8 5.9 4.6 005 020 202 001 063 021 26,99 
33 Aen =5.90 4.4 © 4,7 SAWTE 023 202 201 06] e1R 31,87 
34 2.7 =6.5 alll) } 4.3 008 e22 002 001 059 015 18.14 
5S Sears Rn Sea YAU OMICS ni Le AGiberaet, oii. Bale 
36 el =9,4 1.4 3.9 209 el2 e001 =-0,01 256 0615#19.,36 
37 =1e8 9,4 a4 3.8 el? 016 Ol 00] 054 207 42,50 
38 -?.3 -10.3 =104 326 015 e1l4 01 20) 053 206 52.42 
SS) Se Ootlod sone! -1.3 3.3 014 £4414 =9.0)] =-9.01 051 507 48,79 
40 H4.5 =—11.4 =-1.9 3.3 014 el7 =0,02 -0.91 250 e014 23.12 
power | -5.4 -j1,) =2.2 3.5 007 014 =0.01 -0,00 049 2606 5.65 — 
42° “6.1 11.1 -2.5 3.3 06 el -1.00 0949 04k 207731,68 
4&3 = Teil @9.9 =Pel Sov 207 See leH 0.02 eA] 047 0621°23.03 
44 -7.3 -9,? =2.5 4.) 006 e015 =9.01 200 0 45 013=-22,68 
Oe) S/n) AG Sail Oo 007 218 =9.01 -00 044 609°28,58 
46 -200 =5,1 -1.8 4.3 el2 ICON 40n 20] 043 619=35,63 
47 =8.] =-3,7 =149 5.0 013 299 9,01 rake 043 ell =4,.55 
4A =-7.9 =2,? =Nel 5.5 orl gl Pathe) 200 =-07,03 042 2025-88.42 
BO) On} -1,) 4 6.2 08 e100 =0,.01 =0,02 04] 225 75.51 
50 -46,3 all 1.2 7.4% 003 °©05 =-0.01 =0,00 040 el7 200 
CORRFLATTON COFFFICIFENT e571 


e4 


0200 - O20 7 


0 972 12202 


co 
1.227 


25078 40.08-10.43 
78.31 53.08-23.86 


509 14.09 31.73-14.18 


4.20 
2014 
1.28 
1.06 
087 
056 
030 
020 
e015 
010 
2007 
007 
005 
004 
004 
004 
093 
003 
002 
002 
002 
202 
002 
002 
002 
002 
092 
e001 
001 
e01 
002 
e001 
001 
001 
201] 
e011 
e0l 
00) 
0 Al 
Pap 
091 
M1 
00) 
00) 
e001) 
000 


WK) CYr-w 
BBFI S= 16 {-0-305M-W » 6 SEP-G5 
LAaGSs= 50 Nez 1R49 DTZ .2enSFe 
MEAN Woe= =0.9 # MEAN Wy = 
K APOV WeACOV w,COV IN COVOUT S® USP Wy 

tt) 82.6 158,09 =52.8 

j B?P.8 155.0 =52.1 209 

2 Rone? 148,27? =50.) 4.9 

3 14,8 138.4 246.9 

4 7320.4 126.6 =4?e7 7.7 2078 
 Byoe WidoG oda 9e4 e231 
6 61.44 99,5 =32.0 19.9 250 
Vo Soll Q5.3 925.9 12.2 .23 
a 4Qgh 71.1 1906 1323 019 
9 41,5 56.9 213.9 14,2 o1l4 
10 34.5 42,8 “6.5 14.9 208 
ll A274 79.0 of) = S53} 007 
12 20.5 15.5 663 154 206 
13 132.8 2.4 ary ae) 005 
14 704 =9.6 17-8 14.9 093 
15 1403 =?0.7 27 28 14.23 002 
16 ehed =30.,7 e723 13.4 02 
17 =206 @=39.3 Shilo) 12.3 20] 
18 #14.4 46,7 3428 11.1 201 
19 #198.5 252.7 37.8 9.8 001 
20 =2?7.? 57,4 40.2 8.3 002 
21 =25.3 @=41.1 4202 6.7 20] 
22 27.9 43.7 43.7 5.0 001 
23 ©2929 =65,.4 44.6 Siers 001 
24 —31.4 =f6,7 4529 eS} Pat | 
25 «37.3 =66.2 44.9 =-0.7 001 
26 237.7 @65.,2 44,2 -1.9 e0] 
eT #37,.6 =63,2 43.1 37364 201 
28 =37.9 =460,3 41.64 24,9 001 
29 =3n,7 =56,5 39.23 -6.?7 000 
30 272.9 =51.9 346.7 =7.5 200 
31 =25e7 =46.46 33045 =B8.4 el 
32 =23.9 40,8 3029 -9,5 00 
33 =20e7 =34.2 2509 -10.3 201 
34 217.2 =38,4 2126 “10.9 000 
35 -)3.3 =21.7 17-9 -11.4 200 
36 =9.3 =15,0 12-3 -ll.7 200 
Zt/ =5.2 @8.4 725 ©1129 090 
38 =) .() 21,9 206 =-11.9 200 
39 3.1 4.8 =.) =11.7 200 
40 7.2 10.5 =-6.8 =-11.04 200 
4] liel VO41 =11.2 210.8 000 
42 14.9 21.2 =15.5 -10.1 e000 
43 18.5 25.9 @1925 -9.3 009 
44 2198 01 =7?3.1 =8,3 200 
45 24.6 33.6 =2?602 =-7e4 000 
46 270) 36.4 =?8.8 =6.4 Pane) 
47 2901 98.5 =<30.8 5.3 200 
48 39.6 39.2 =3?7?.2 =4.2 000 
49 31.26 40,3 =33.20 -3.0 200 
50 37.1 40.1 233.2 =1.8A 200 
CORPFLATION COFFFICIENT = .459 


* SIGN REVERSED 


ON ONE CHANNEL, 
B-104 


=-3.14 


=-1.5] 


=0.,50 
=0.15 
=0.10 
-.07 
=0.05 
=0.05 


QUA 
9 
3.98 
7241 
4,05 
235 
=0.02 
-0,02 
20) 
=0.01 
=0.01 
001 
001 
=0.00 
-0,.02 
-0.01 
=-0,00 
200 
-0,00 
=-0.00 
=0,00 
-0.00 


T No. 


PER 
0 
20.00 
10-00 
6.67 
5.00 
4.00 
3.33 
2.86 
2.50 
2022 
2.00 
1.82 
1.67 
1.54 
1.43 
1.33 
1.25 
1.18 
lell 
1.05 
1.90 
095 
09) 
287 
283 
280 
el7 
0/4 
ofl 
069 
067 
065 
063 
06) 
059 
057 
056 
054 
053 
05] 
e50 
049 
248 
047 
045 
044 
243 
043 
042 
241 
240 


co 


SMT 


R PHI 

el2 0 
e35=20.90 
064217.25 
0 /0=-15.93 
06) =6.44 
064 19 
048 2.18 
eeT =2.20 
022 «426.97 
e21 4.10 
025-12.40 
0 38-10.81 
e28 4,00 
e20 76.76 
023°82.03 
ell=-13.26 
ol Nov 
007-69.213 
019 47,54 
014 62.59 
e005 86.65 
°09=87.62 
012=-89.25 
016 86.55 
e23 85.86 
015-69 .44 
209=-13,53 
004=-50.16 
009=64.14 
020742241 
e25°57.,01 
0 16=68.26 
o2 O6d2 
e020 38.16 
ell =9.95 
e06-15.81 
017=56.74 
007239271 
018-73.2) 
el2 83.19 
e32 72.06 
.el7 55.38 
015°87.37 
019 85.57 
004 =4,96 
004=65.40 
007-50.62 
010 36.67 
015-19.83 
020 70.14 
028 200 


120 om (@=5°) TM No. 377 


RBFIS 16 Je dMe'] QO» OBSEP=65 1340-1346 
LAGS= 50 N= 702 WT= Ve2SkC 
MEAN U="l9,/ MEAN WS 04 
K ACOV W ACOV w COV IN COVOUT SRP U SP Ww Cy) QUA PER K PHI 
0 5629 56,2 =7T.6 0) le3/ 5288 0/8 is) i) Gi 0 
) 4902 241,95 “7.5 16.8 3.30 26200 =0240 1ed1 20.00 elf-75.946 
2 Sloe ileal “60! 2901 4el8 S2ell -1.94 2.11 10600 0619-47.35 
3 14.6 158.2 “504 3306 32635 45675 =0.82 1.55 6067 014=62.25 
4 mP.2 196.9 -3.4 2965 3ol7 24.95 =9.98 1.43 5090 0619-55.46 
5 -13.9 40./ =P el 1922 = 5eI6 24.95 -262k 2.50 4200 230-4726] 
6 =-1Re4 24,7 1) 6.8 40383 19642 $2.38 2.10 3633 1033-41 04/ 
7 1529 23 Pel =4e8 5093 14082 -1-31 Sel? 2086 0D7-752/5 
RB 11-6 13.0 4.3 “lee 3631 14209 065 9,94 2051) 0/9 KR6e25 
9 =4eh =18.2 64 =15.5 het Tle? i 1.3) 6.35 2ele oe M1) Mee 
10 Pee 218.7 706 “1303 2079 4200 014 2628 2610 268 36247 
d) 705 =18.2 Tol =71e4 Jel? 2e02 =A) Le22 14682 0665=-80.39 
12 19-6) =18.R bot 0S 1e43 1.55 00) Os) Noel SoG S694 
13 Loe7 =?e.7 Gel 43 1216 1.39 =-9.18 269 10634 0696-75260) 
14 Qe] =30.5 lel 14.25 of4 099 -0219 er)): 1043 044-540) 
15 342 ]N4) 4,5 “1.3 17.6 o4/ 044 203 Gill's) 1-33 e33 79.64 
16 Pe 254,59 -3.26 16.7 035 eel 004 0US5 Le2S 024 48656 
17 =6.6 =A5.3 =4e62 le.) eel eel) 0) 5 OS) LelR 023 H4_.56 
18 -co,1 -7ce.3 —-3.4 504 ell ol7 e0l V3 lall 92s) HOG HO 
19 H8.9 =74,49 = Neo = 2ie4 0 (38 el7 0 =0.01 1605 eli=87.64 
2n =Fo4 sayfa) aes lel =-8.8 09 013 0 =-0.203 LeV0 024-81) .R# 
21 =P a4 =AG.4 3eR -12.5 208 009 V2 0) 095 e2l) =1ed] 
22 Pes Ke) i/ 665 -11.9 007 209 202 9) eF1 02h 25611 
23 S.A -5],4 Rede =165 007 009 0 -0,03 037 639-33.04 
24 Heh 749.4 909 005 U7 007 0 =0.9% 033 2061-89.66 
25 Sea) = Sl so 9.7 Tel 2045 005 ) -0,03 080 0649=86.16 
26 09 957-0 8.3 13.0 095 005 0 -0.03 of7 049=87.60 
e7 “4.7 =Ae,8 4.2 lboel 006 0 04 0 =0.01 0/4 630 71010 
28 e\1nel 4/43 4ei) 1506 005 004 =0201 0 ofl «13 254A 
29 =13.6 “47,9 eel 1124 0 U4 06 001 9) 069 e016 10283 
39 15.2 -62.3 301) 4o3 eU5 007 002 =0.01 e007 e¢0"250e95 
31 =14.1 -Su,/7 4e6b =4,() 07 05 002 =-0,07 045 043-46217 
32 |1%0e4 32,5 6.9 -11.2 04 205 09 =0.0)1 093 024-57.92 
33 =5. -8 8 4.4 -16,.2 202 V6 () 9 06] 209 =3.2H 
34 1.4 Who d 9.1 -18.9 003 004 201 D) 039 624 26616 
35 Rei) 43,7 7209 ~1604 004 003 eI] 0 027 026 14604 
36 13.20 65,/ 5 eh -11.4 eU3 004 e001 e001 256 e3/7 22098 
37. 15.4 B10 3 =4.6 02 004 e001. ol 094 6%] 34,34 
38 15.5 R7.9 foil S65) ele e002 0 0 053 e2() 22.91 
39 12.8 RT.) “009 1025 002 003 0 D) 051 el2 66426 
40 Uo 80.9 -l./ 16.) 002 004 0 eV] 050 ee 29=-64.19 
4) 1.9 6B.5 ~1.8 138.9 003 003 -0.0) Ol 049 0 2-4025R 
42 =3.4 54,9 =1.5 17.8 003 002 =0.01 ) 048 226 4.246 
43 =625 41.46 Nef 1226 0% e002 0 =-0,U01 047 6 44-6924) 
44 =—Tel 79.9 Pir! 4.5 0J5 e0l eVl =-0.0) 045 06 48-50-49) 
45 24.5 21.9 Ze! =4.4 003 002 0 ) 044 e618 10205 
46 e3 WG 504 -12.6 e003 e003 e Ol 0 043 e25 31-06 
47 5.8 eae Te!) “1861 093 002 e0l 0} 043 e3] -8.38 
48 1005 19.3 708 2004 005 002 e001 =0.01 042 043-48 647 
49 13.0 21,0 Ted 71926 e005 203 e001 =0,.01 ot] 0644-502 /2 
50 1361 21.4 528 -16.8 2 002 001 0) 040 032 0 


B-105 


20 
BRFI S= 16 
LABS= 50 


Ne 


om 


eSMo 
1227 


MEAN U = =19,8 
K ARFOV I! ACOY w COV IN Ove sP U SP w 


49 6461 
1 52.8 
2 35.9 
3 13.2 
4 29.2 
1) =P74.AR 
6 =33,4 
7 2327.5 
8 =24oR 
9 =9.7 
19 5e9 
de} 19.4 
12 27k 
14 2705 
15 11.5 
16 =109 
17 =#13.3 
18a 219.5 
19 =@2A,N 
20 =19.6 
21 21?,8 
22 -3./ 
23 59 
24 14.9 
25 12.4 
26 19,3 
27 14.2 
28 44 
29 =2.2 
30 29.9 
3] =15,5 
32 =)17.6 
33 =14.6 
34 217.9 
35 =-7,0 
36 =9.5 
37 AR 
38 14.6 
39 13.7 
40 12.8 
4) 11.7 
42 Wow 
43 32.3 
44 -1.,.3 
45 r7hegS 
46 eh 
47 443 
48 24.5 
49 22.9 
59 =9.5 


CORRFLATION COFFFICI 


266.1 
246,46 
291.46 
j41,8 
R0,1 
PAS) 
@B.4 
294.4 
@24,1 
-12.4 
2.7 
14.9 
18.7 
11.4 
26.4 
-32,? 
-41,? 
@=RB LS 
198,45 
118.3 
WSs 
190.5 
-78.1 
=53.8 
=32.9 
-18.9 
-13.9 
-17,4 
277.4 
=40.) 
=50,2 
=56,4 
=55,9 
=46,3 
=31,4 
Cigale) 
B,8 
30.0 
47.9 
40,3 
66,2 
45.4 
59.4 
50,3 
40,9 
33,3 
29.7 
sileaes 
V6), 
44 .R 
53.4 


, (@+20°) 
NTs .ANSFC 
MFAN W s 0A 
o19.3 1233 3.70 
8B 1D Pell? 24017 
=3.5 30.0 Pall 49071 
4.5 35.9 2032 43.07 
1264 32.3 Ae80 23.27 
19e6 20.3 3207 15.17 
2009 2e9 4269 14.20 
1808 ©1509 11095 2709 
1369 =31.4 14-87 31.58 
A4e? 40.7 9643 16.90 
5.2? -39.9 7.92 5-81 
=-130)] “3007 1lef6 3ell 
=18.6 =15.90 e70 2.35 
=29.5 2.9 043 1.49 
=19.9 19.21 039 266 
-14.2 28.9 050 042 
=-7.2 39.4 044 030 
1.9 2329 230 030 
He4 11.5 221 030 
1269 2-302 eld 020 
14069 21606 olA ell 
alc =26,3 018 014 
be e304 018 o1l7 
=-1.) =28.6 019 016 
=7.6 =21.9 018 oles 
=12.5 =9.5 ol7 el2 
-14.44 305 o1l4 -l2 
-13.7 15.4 0l2 el2 
=109.4 24.9 el2 009 
=H5.4 27.5 ell 007 
03 25646 ell 006 
Se ly 19 ell 006 
7.8 9.5 ell 206 
BoA =0.1 ol2 007 
704% 8.5 eld 206 
4.7 21307 007 005 
209 -14.6) 009 005 
=022 “10.8 oil 006 
=-105 24,5 010 » ¢06 
=1.6 3.5 009 206 
21.9 11.9 elf 005 
4 16.9 old 004 
2e4 2029 eld 004 
403 1904 ell 005 
6o9 1520 012 005 
Tot 8.3 ell 005 
Bo? 2 09 004 
Rod =7,8 010 005 
7.28 =-14.9 ol2 005 
665 =17.0 a abak 005 
405 -16.3 005 003 
ENT -02978 


B-106 


co 
209 
fe 
1.97 
2.14 
1.70 


1.53 


-1.32 
-6,61 
=7.40 
=2.93 
=0.25 
-0.27 
=0.2A 
(1,09 
004 
014 
013 
204 
20) 
001 
001 
202 
004 
205 
202 
=0.00 
202 
003 
202 
20) 
0) 
-0.00 
=0.00 
001 
00? 
202 
202 
002 
003 
20} 
000 
201 
200 
=0.01 
=-0.00 
01 
201 
=0,00 
=0.01 
-0.01 
=0,00 


QUA 


9,98 
@2.22 
=0.99 
ol4 
=0,87 
1.3? 
11.57 
16.11 
8.07 
1.69 
20] 
=0.47 
=0.30 
=0.00 
212 
007? 
=0.05 
-0,07 
=0,04 
=0.02 
-0.00 
0.03 
=0,04 
=0,02 
=0,01 
=0.01 
90 
01 
0M) 
-00 
-0,01 
=0.00 
01 
291 
290 
29) 
. 202 
202 
e001 
201 
200 
200 
201 
M1 
200 
01 
=0.01 
=-0.03 
=0.01 
=0.00 


TM No. 


PER 


20200 
10.00 
6.67 
5.00 
4.00 
3.233 
2256 
2050 
2022 
2200 
1.82 
1.67 
1.54 
1.43 
1.33 
1.25 
1.18 
lell 
1205 
1.00 
“095 
091 
083 
80 
out 
el) 
269 
067 
065 
063 
06) 
057 
056 
054 
05) 
050 
049 
048 
045 
044 
043 
043 
42 
04) 
040 


e009 


SM 


R PHI 

004 0 
015=53,73 
025-48,54 
024=24,85 
02) 4.8) 
026°29.71 
0 23°44,.95 
0 14-60225 
082-6532 
of2-70207 
0 39-81.10 
013 =1.74 
043 59.2) 
039 73.81 
e007 =1,68 
049 40.21 
036 10.08 
022748.71 
027780.5i 
021°75015 
013=66.29 
e11°13.53 
0272°34.59 
0 342°39.28 
018=46.43 
096 88.09 
0 14-15-4) 
026 4.24 
018 26.02 
el'5) S759 
ell 7.20 
e007 81.213 
006 63047 
014 29.83 
024 31.95 
e32 8.57 
035 20.93 
038 39,75 
037 31.69 
024 38,89 
ol4 66,09 
17.37 
004 64.16 
020°49,78 
009=50.70 
el7 6074 
024 38,83 
e190 53.50 
035 64,86 
elf 57.29 
004 000 


TM No. 


22 our (@=#S0°) 
BBELS 16 e5M= 4 Us O8SEP=65 14201425 
LAGS® 50 N= 1374 OTS Ve2SeCc 
MEAN Us-18.4 MEAN WE =(009 
CORRELATION COEFFICIENT =(el 
K ACOV U ACOV w COV IN COVOUT SP U SP Ww co QUA PER 
0 3767 278.0 ellee 0 068 6078 =(267 0) 0 
1 3220 240.2 21000 665 2e3)1 31635 90.92 =3,64 20200 
2 2201 205.7 -6./7 109 3018 54623 (259 =5.69 10200 
3 19e3 159, =2e5 1109 2098 43-690 -1617 ©3299 6267 
4 @0e0 110.7 164 Be6 ede 25.85 —0283 =1.02 5200 
5 =-7.0 66.9 326 1.8 Pele 21.10 025 035 4.00 
6 #1023 32.8 36 =6.9 2089 16.28 eel 171i 3-33 
7 #1)65 11.3 le? =15e7 4e62 16674 -0-79 4.56 2.86 
8 “Ree =0.4 =009 ©2323 Qe41 182-01 =2224 6.11 2050 
9 =4.] @4,3 -3.7 -27.9 3269 11249 =2ell 3,83 2022 
10 05 @4.46 —S5e2 =26e4 1246 4.90 -1,07 1.13 2000 
11 408 @4.5 =506 =24.7 094 2092 =0-69 =0.0U2 1282 
12 Tee 8.3 =4,.7 -16.5 263 2047 |0e4] #0219 1.67 
13 702 -15.1 =2e7 =llel 053 1.59 ©0213 003 1.54 
14 5.0 =76,() =e) @4.5 04/ 1.01 70.09 ele 1.43 
15 Jed 238.4 205 0 045 e080 -0.07 e003 1233 
16 2Pe6 "52,0 4a4 1.5 039 ef2 70202 =0.0) 125 
17 “5e7 =64,4 502 e3 eal e/3 °03 004 1218 
18 =7.3 =73,3 Se) =3.0 el7 014 e003 206 lell 
19 =704 -77.7 4e) =7.1 el2 068 001 205 1.05 
20 @Ahet =76,9 Ae 1002 009 056 e02 0 1.00 
2) =4.4 71,0 0 “11.7 208 054 003 -0.04 095 
22 7.0 =62.4 -1.9 -10-3 008 057 0 #=0.03 09] 
23 3 =54,3 =-3.9 =-7.2 006 054 0 @0.02 087 
24 le? =48.4 =4.8 =3.8 004 052 0 0.01 083 
25 202 =46,4 =5 04 o3 e095 054 =0.01 =0.03 280 
26 1e5 =47.,2 =5e] 328 205 059 0 ©0.03 el/7 
27 0 J =51.2 =-4.0 6.5 095 059 002 eVl 0 (4 
28 =?el 256.5 =2 04 728 004 054 001 ede ef) 
29 m=4el -60,4 =028 7.9 004 054 -(0201 Q 069 
30 =5.7 =60.2 =0.) Te3 003 e052 =0-01] eVl 067 
31 *6e6 55.4 “002 502 004 050 =02-01 V2 065 
32 "609 =46,9 -1.0 2.8 004% 05] 0 eA) 063 
33 "606 34,3 -128 06 093 e051 0 0 06] 
34 =5,7 =20.6 -3e1 -1.3 004 050 70001 =0.U) 099 
35 =4.1 =6,.4 3304 -1.9 004 048 -0.0)] 0 057 
36 2.0 6.4 #306 =1.9 004 050 0 201 056 
37 706!) 17.8 =2.0 -0.3 004 e052 003 202 054 
38 128 e7.o =Oel 1.2 204 052 e02 0 e393 
39 209 32.7 1.9 208 004% 052 0 =0,01 05] 
40 305 37.3 3e7 404 003 050 0 eUl e50 
41 306 40.7 5-0 5.5 003 049 0 eV2 049 
42 3el 40.9 504 6.3 003 050 001 0 048 
43 P04 38.6 5.5 604% e003 049 —0.01 =-0.01 047 
44 le4% 34,9 409 5.1 004 049 #0202 0 045 
45 ea 30,0 4e4 4.2 004 052 -0.01 0 044 
46 2009 25.0 4e3 367 003 052 001 el 043 
47 =-1.8 71.1 4.0 3.3 003 049 0 el 043 
48 =Pel 18.5 325 205 004% 046 001 0 042 
49 -1.6 16,8 363 129 003 044 001 201 e 41 
50 =e4 16.3 2e7 1.8 00] e22 0 0 ° 40 


B-107 


377 


R PHI 
e3l 
044 
044 
039 
016 


0 
T5077 
84.0/ 
73.57 
50.97 
208 65.49 
025 80.92 
053"80.13 
066°69.88 
e67-61.17 
092"46.54 
042 1e25d 
037 24,43 
014"11.97 
022°54.06 
013°-23.98 
004 29.40 
e100 53.33 
018 64.66 
016 B2.98 
008 7.96 
020°53,89 
e013-83.61 
elf 82.85 
eld 84.10 
e21 72.86 
0 16782.10 
ell 27.97 
ell 64242 
004 21.38 
el0*27.57 
el7=+72.36 
009 16644 
001-14.91 
e008 28.17 
e009 -4,93 
007 78,34 
020 30.84 
el2 14.03 
el0-86. 79 
0 06-80.41 
elf 87.48 
006"25./9 
ell 66.86 
016 0/3 
004230.96 
009 49.40 
009=75.29 
e008 18.78 
013 20.45 
001] 004 


{23 
BBFI S= 16 
LAGS® =0 


MEAN U = =©12.9 


0 39.4 
1 35.4 
2 28.3 
3 19.2 
4 19.4 
5 208 
6 ii) 
7 =5,3 
8 =5 46 
9 @“h4e2 
10 =2.f) 
al 04 
Wee 2.3 
13 304 
14 304 
15 23 
16 06 
Ait, =102 
18 =7.9 
19 m4) 
20 =4.6 
2l m4 
22 =3,8 
23 @2e7 
24 =1.6 
25 =Nel 
26 =Ne2 
e7 =0.3 
28 =7.9 
29 =1,9 
30 23.1] 
31 =4,0 
32 =4.6 
33 =446 
34 =2,.8 
35 =2el 
36 =.) 
37 Ve? 
38 301 
39 404 
40 52 
41 Sel 
4? 403 
43 302 
44 2M 
45 104 
46 150 
47 100 
48 Ye3 
49 1e8 
50 Poe 


e@=soe ) 
ae Ww (ents: - 6S 1431-1436 
N@= 1182 OTS e29SFC 
MEAN W 2 1.2 
K acoVv U ACOV w COV IN CoN sp U SP Ww co 
250.8 1521 le72 4.80 -0.01 
235.6 2132.3 =6. ; 4.05 26.71 ell 
200.5 “8.3 -12¢1 4.76 53.28 215 
153,090 =1.6 16.8 4.07 47.98 026 
103.5 5.2 220.7 3,55 26.39 =(,35 
60.3 104 =23,7 3.75 16.13 -1.70 
28.5 1209 =26.7? 3e72 122083 2.05 
9.4 1204 =28.4 414 16.59 =3.11 
1,2 9.3 =29,R 3261 17.86 =3.93 
=0,5 606 “3002 12694 11.52 =2.51 
=-0,8 =) e4 =28.9 120) 6.55 =1.2) 
=-3,7 4,3 =25.5 265 4.16 20,55 
11,4 =625 =20.5 039 «61672 -0211 
24,3 =6.8 =14.6 028 066 =0.06 
=40,7 -5.8 =8.5 ec2 055 -0,01 
@37.7 =3.6 =3.9 eile 040 003 
“72,9 =1,.3 09 el2 e3l 200 
284.9 06 3.) elf 026 =0.02 
=90,.5 108 3.5 208 020 =0.02 
92.3 2ef 2e7 209 el7 =0,01 
=R9.7 1.5 12 08 e1l3 @f',01 
-A3.) e3 7025 206 ell -0.01 
274.5 lel -1.9 206 ell #0,0) 
=64.4 =202 =204 005 e010 200 
253.8 =2e7 =2.0 004 208 001 
=44,5 =225 0.4 004 006 001 
=37,3 -)].7 1.2 093 004 200 
=33.1 =004 3.5 003 005 =0.01 
@=32.9 lel 6.0 004 006 -0.01 
@33,) 206 8.5 203 206 =0,0) 
=34.6 4.1 10.8 003 004 =0,00 
@35.9 5.0 1246 202 004 -0.00 
=9],A 5.2 13.7 202 004 200 
24,8 4.3 13.8 002 005 090 
13,8 2e3 13.3 003 005 290 
-0.1 =005 119 203 004 090 
Vs =3.46 10.9 202 004 =0.00 
25.5 =6.2 8.9 202 005 200 
34,0 -7.8 601 002 205 000 
38,8 =8e0 4.8 292 004 200 
41,3 @7.N 4.2 202 004 200 
41.4 5.0 4.2 202 093 -0.00 
41,9 =204 4.7 002 004 -0.01 
40.5 el 5.6 003 004 =0.00 
40,6 203 602 003 004 001 
41,4 307 6.6 003 04 201 
42,4 426 6.4 093 005 00) 
43.4 4o7 5.3 203 006 201 
43.9 4.5 3.0 203 005 001 
43,6 309 =0.4 003 003 000 
41,3 209 4,8 002 Pao | 200 
00151 


CORRFLATION COEFFICIENT 


QUA 
0 
23.66 
9.04 
=9.03 
=6.40 
=4,7) 
-1,39 
1.61 
1,36 
208 
=0,47 
=0,59 
=0,36 
=0,17 
=0.08 
-0.03 
=0,00 
001 
200 
000 
001 
-0,00 
=0.01 
=0,01 
=0,01 
=0.01 
=-0.00 
20} 
200 
=0,00 
@0,00 
=0.00 
=0.01 
-0,00 
=0.00 
000 
-0.00 
-0,00 
00 
20) 
290 
200 
290 
200 
200 
=0.00 
0.00 
=-0,00 
@0,00 
=0,00 
=0.00 


T No. 


PER 
0 
20-00 
10.00 
6.67 
5.00 
4.00 
3.33 
2.86 
2.50 
2022 
2.00 
1.82 
1.67 
1.54 
1.43 
1.33 
1.25 
1.18 
1.11 
1.05 
1.00 
095 
09) 
87 
083 
280 
out 
0/4 
ef] 
069 
065 
063 
061 
059 
057 
056 
054 
053 
05] 
050 
049 
048 
047 
045 
044 
043 
043 
042 
041 
e 40 


SM 


R PHI 

200 0 
0 35-88.21 
057789.07 
265-88,32 
066 86,92 
064 70.16 
036 34.2) 
042=27.42 
052-19.08 
053 -1.73 
e51 21.26 
049 47,02 
046 72.30 
040 70.47 
025 B0.46 
018=47,.92 
001°71.65 
014-15,.55 
e013 -5.57 
008-17,84 
013#49,20 
014 1.73 
e019 66.63 
022-72,38 
028=52.06 
025-°51.43 
005"39.25 
021°46.15 
017=26.50 
016 38.25 
elS 62.15 
°15 78.20 
021°72643 
014-26.8)] 
008 -1,76 
002 62.39 
002 81.73 
006°29.55 
el7 60.90 
023 56,17 
018 22.09 
031=85.49 
025-2951 
008"72.44 
024 11.91 
031210294 
0 36°18.47 
026 72,43 
015 7.07 
017°43,83 
e13 =0.00 


124 ( @=950 ) 
RRFI S= 16 SMe WE GB SEP-GH5 |1441- 1446 
LagBss 50 N@® 1205 OT® .20SFC 
MEAN U ® -13.3 MFAN W = #223 
K acOV U ACOV W COV IN Coes sP U SP W co 
ia) 30.3 239, ? =5.? 3e 17 5. 16 002 
a 226] 2278, 5 24.6 eis 5.63 33-6 26 268 
2 2309 294.5 2208 =G9e 4048 67-10 1.00 
3 188 172,2 =025 9 3.230 54.94 =(0. 50 
4 14.9 138,) 1.8 2 2e2d 23-72 =-1.43 
5 9.8 196,1 3.7 aA 12094 12.18 =(),8) 
6 Beh 78,8 5el =20e7 218 7202 -0.52 
7 48 56,3 5.5 el’ 2031 8e85 =-1.00 
8 a8 37.8 5.1 Pa) 1064 10.69 -1.39 
9 306 21.9 4.0 09 087 5.93 =-0.86 
10 3.9 7,4 206 "22042 046 2045 -0.20 
ll 4.5 -6,3 1.3 “20.9 e038 1270 -0.08 
12 Sel =70,8 05 “18.9 034 1246 =-0.05 
13 54 =36,4 ee o4 020 1.25 202 
14 5.3 =52.7 5 oA 216 076 -0.02 
15 406 =469.6 of e3 1S 042 =0,01 
16 324 @A5.5 104 =8,A el2 e33 200 
17 Ped 99,3 124 =6.5 209 eel -0,04 
18 lel 2109.3 106 04 007 020 =0.04 
19 =el =-114,2 1.0 “2.3 004 °13 *0.02 
20 =l.1 -113,4 =(0.1 =0.3 004 eld =-0.0) 
21 =-1.6 @1N8.9 =1.46 1.3 004 009 -0,01 
22 =1.5 99. 23.3 2.8 004 007 =-0.00 
23 =),0 =R28,9 4,7 41 003 e008 =0,00 
24 =Ne3 =-79,5 -5.8 5.) 002 008 =0.00 
25 04 =-72,2 =602 6.9 e002 006 -0.00 
26 lel =-47.2 =6e61 7.9 003 206 =0,00 
27 105 =44,) =5.5 8.0 002 006 000 
28 105 41,8 4.5 9e4 092 005 000 
29 1e3 =59.3 =3.3 10.9 007 005 001 
30 lel =55.5 =2¢1 12.5 2002 005 001 
31 9 @49.8 -1.3 Pa) 002 003 000 
32 Pie) @41,.2 -1.0 15.3 00] e003 200 
33 0B =79.4 -1.2 1661 001 003 000 
34 o7 =14,8 =1.5 16.1 001 003 000 
35 05 5S) -1.7 e3 001 093 200 
36 04 18.5 -1.3 13.9 001 093 000 
37 02 34,7 =1.5 12.3 001 003 000 
38 o4 48,2 05 10.8 A (ort 003 =(0.00 
39 eA 57,7 1.2 9.5 0 Ol 002 =(0.00 
40 1.5 63.2 1.9 Bo4 001 002 -0,.00 
4] 2A 65,2 204 Teh 001 003 =0,.00 
42 3.5 64.6 209 7.20 00] 003 090 
43 43 62.3 361 664 201 003 2001 
44 4eoT 59,2 304 5.8 001 003 200 
45 4e7 56,7 326 5.2 001 003 -0.00 
46 43 54,8 3.9 4,5 201 003 -(,00 
47 326 53,4 4] 3.4 eOl 204 @-0,00 
48 3.0 52.7 44 20] 001 004 200 
49 204 52,9 406 e3 201 004 e001 
50 Pol 50, 9 4.8 -1.6 001 202 001 
CORPFLATION COFFFICIENT =00961 


TSN §32R PKe Li 


i AO 


B-109 


QUA 


4) 
=2.96 
@8,99 
8,06 
=3,67 
=1.87 
-0.52 

220 
=0.08 
-0.07 

005 
=0.11 
=0,.12 
=0.05 
-0,02 

01 

202 

201 

20) 

290 
-0.0) 
=0.00 

200 

200 
=0,00 
=0.00 
=0.00 
=0.01 
=0.01 
=0.01 
=0.01 

090 

290 

200 
=0,00 
=0.00 
=-0,00 

200 

200 

200 
=0,00 

200 

290 

200 

000 

200 

200 

200 
=0.00 
=0.00 
-0,00 


T™ No. 


PER 
0 
20200 
10.00 
6.67 
5.00 
4.00 
3.33 
2286 
2.50 
2022 
2.00 
1.82 
1.67 
1.43 
1.33 
1.25 
1.18 
1lell 
1.05 
1.00 
095 
Il 
087 
°83 
80 
o/7 
014 
ofl 
069 
067 
065 
063 
06] 
059 
057 
056 
054 
053 
051 
50 
048 
047 
045 
044 
043 
043 
042 
041 
040 


377 


R PHI 

000 0 
022277205 
052°83.63 
060 86,44 
053 68.79 
042 66.63 
019 45,07 
o23"°-11.24 
0330 «63225 
038 4.80 
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Auto-Spectra of Wave Meter Data 


Following are plots of the auto-covariance spectra of the wave velocity 
components measured with the wave meter systems. Curves are presented for 
series 001-124 - BBELS-5 through BBELS-16. (Series 017 and 070 are not listed.) 
On each plot the pertinent information is given for the particular measurement. 
The statistical nomenclature is defined as follows: 


N = The number of interpolated data points. 


OT = The time interval spacing (sec) of the interpolated data; 
NAT = the length of the record. 


m = Number of time lags for computation of auto-covariance 
(and covariance function) and hence the divisions on the 
frequency scale. The frequency resolution is 100 (2 mAT 
in millicycles per second. 


y-1 


DF = The degrees of freedom calculated by the equation approx- 
imately equal to =. By use of curves in figure III-3, 
m 


the given value can be determined for an 80% confidence 
limit band (assuming the spectral data are approximately 
Gaussian distributed). 


oe = The variance of the velocity component X (cme sec--). 

X = The mean value of the quantity X (cm sec7t) over the 

sampling period N. 
u'w! = The covariance of u' and w' at zero lag in em’ sec (given 

for measurements of u and w only). 

Cg | The correlation coefficient in the case of OMDUM measure - 
ments of u and w. 

v(u,w) = - 


Une 
Be //G; 26 2 
uow 
In the case of LIMDUM measurements giving pairs of u, and up (or W ] and 
wo)? 


and similarly for w, and Wo- 


r (uj, U,) 


ALM) 
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V = ‘The estimated wind speed (m sec!) at the time of measure- 
ment. 
R = The vertical extension of the 80% confidence range when 
the middle cross bar is centered on the spectrum point. 


Note: In series 120 through 124 the angle 6 appears, indicating the azimuth 
of the u meter with respect to the direction of propagation of the 
wind waves. 
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Auto-Spectra_of Wave Staff Data 


Following are plots of waves staff data obtained on BBELS using the CERC 
wave staff system (see chapter IV). Plots WS-1 through WS-14 are spectral 
data obtained from the CERC analog auto-spectrum analyzer. The curves have 
been translated to the Tukey spectrum equivalents using the method noted in 
chapter IV. The ordinate values, however, are to be considered relative 
magnitudes of ecm“ per cycle per second (cm sec). 


Plots WS-15 and WS-16 are also auto-spectra of CERC wave staff data. 
However, the data were read off the CERC paper tape record aboard BBELS and 
processed at the NUWS computer laboratory. The interpolated data were then 
analyzed with the NUWS Tukey spectrum analysis program. 
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APPENDIX C 


MISCELLANEOUS TABULATED DATA 


Wave Meter Calibration Data 


Rotating Boom Calibration of OMDUM II - The OMDUM II wave meter 
system was calibrated using the rotating boom tow system of the Depart- 
ment of Civil Engineering, Worcester Polytechnical Institute, Worcester, 
Mass., on 11 and 15 June 196}. 


The calibration equipment details and procedures are discussed in 
chapter II. The following two series (1 and 2) contain tabulations of 
the calibration data used for preparing the calibration curves of figures 
TI-9 and II-12. 


Series 1. Data were tabulated from OMDUM II towed at steady speed 
with the w cylinder axis parallel to the tangential velocity vector Vp 
(figure II-10). The water temperature was 20.6°C. These data include 
run number, Vp (cm sec7l), pulses per cycle per see (peps), and time 
spacing between voltage pulses (milliseconds per cycle). 


Run Ver cm sec”! pceps msec cycle : 
1 +u 23.7 4.76 210.0 
2 u 38.4 7.94 126.0 
3 MS 90.9 10.99 91.0 
4 ui 59.4 12.35 81.0 
5 74.1 14.71 68 .0 
6 Wy 82.6 17.39 57.5 
7 101.5 21,51 46.5 
8 Wy PAS 24.10 41.5 
9 u 132.0 27.78 36.0 

10 uy 147 .2 30.77 32.5 

11 162.8 33.22 30.1 

12 u 172.2 35.97 27.8 

13 -u 24.1 5.03 TOGO 

14 y 36.0 8.93 112.0 

15 us 49.1 10.64 94.0 

16 -u 67.1 14.81 67.5 

17 “ Sa 17.39 57.5 

18 iN 100.0 PAL wt 46.5 

19 . 112.2 23 .53 42.5 

20 iy 125.3 26.32 38.0 

21 iY 142.7 29.41 34.0 

22 158 .2 33 .44 29.9 
23 ut 178 .6 36.50 27.4 
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Run Vr em sec: pcps msec cycle : 
24 -W 22.0 4.50 222.0 
25 a 37.8 8.33 120.0 
26 ut 49.7 10.87 92.0 
27 u 65.5 14.18 70.5 
28 uw 79 .6 16.26 61.5 
29 i 99.4 21.05 47.5 
30 " 111.0 23 .81 42.0 
31 w 126 .2 27.03 37.0 
32 rf 143 .0 29.85 33.5 
33 My 157.6 33.78 29.6 
34 m 186.5 41.32 24.2 
35 +W 21.9 4.13 242.0 
36 u 35.4 7.29 138 .0 
37 tt 50.0 10.58 94.5 
38 nt 64.0 13.79 72.5 
39 MY 81.4 18.69 : 53.5 
40 " 96.0 21.28 47.0 
41 tf 110.4 24 .10 41.5 
42 ib? 127.4 27.78 36.0 
43 ut 140.2 30.49 32.8 
44 u 160.0 35.21 28 .4 
45 uf 175.0 38 .02 26.3 


Series 2. The w meter of OMDUM II was towed at steady speeds for 
various values of Q, the angle subtending the w meter axis and the tan- 
gential velocity Vp- The water temperature was PP AsyCs 


-1 
Run Vr msec cycle 
cm sec 

46 9.45 592.0 

AT 37.79 122.0 

48 17.07 302 .0 

49 77.13 180.0 

= 20° 50 AT.24 99.5 

(2 ) ol 53.95 82.5 
52 67.06 71.5 

53 75.90 61.5 

54 112.17 42.5 

55 18 .90 30.4 

56 37.49 132.0 

57 54.25 86.0 

( @ = -40°) 58 75.89 70.5 
59 98 .76 52.0 

60 118 .26 43.5 

61 146.61 35.5 


( @ = -60°) 
( 6 = -80°) 
(@ = +20) 

( @ = +40) 
( 6 = +60°) 
( @ = +80) 


Ver 


cm sec. 


17.98 
37.80 
47.24 
66.14 
98.15 
98.15 
129.5 


19,51 
37.49 
51.951 
66.72 
98.15 
130.76 
157.58 


12.59 
34.14 
48 .16 
74.67 
107 .90 
135.33 
157.89 


22.86 
43 .89 
60 .66 
71.63 
103 .94 
133 .81 
157 .28 
188 .67 


28 .96 
46.94 
56.08 
74.37 
104.85 
134 .42 
160.02 


43.59 


C-3 


TM No. 377 


-1 
msec cycle 


400.0 
164.0 
120.0 
96.5 
64.6 
61.6 
48.5 


604 .0 
282 .0 
208 .0 
170.0 
119.0 

78.5 

64.0 


480.0 
160.0 
1038.0 
69.5 
48 .0 
39.5 
33 .2 


300 
148 .0 
103.5 
92.0 
42.5 
39.0 
40.5 
34.4 


346 .0 
194 .0 
158 .0 
114.5 
83.5 
67.5 
36.0 


256 .0 
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Towing Tank Calibrations of OMDUM III and LIMDUM I (individual 


meters) - The following are tabulations of the tow tank calibration data 
of the OMDUM III and LIMDUM I (individual meters) obtained with the 
Capt. Mary P. Converse Tow Tank, in Marion, Mass. Details of the ex- 
perimental setup and procedures are given in chapter II. The data pre- 
sented were used to prepare calibration curves in figure II-21. An ex- 
planation of the table headings follows. 


Serial: The numbered sequence of runs of steady velocity response. 
N or S indicates the towing direction as north or south. 


Vp (em sec7): The average speed of the carriage between two fixed 
points on the tank. 


V. Vo» and V., (cm sec71); These are carriage velocities calculated 
at (hs Taste sramalare, middle, and end of the steady speed towing. They are 
derived from measurements of the drive shieve rotation and knowledge of 
its circumference. 


T., (msec eyele"l): This is the average interval of time between volt- 
age pulses from the ducted meter. 


The value of angle @ subtended by the cylinder axis and the towing 
direction is also given in the tables. It is estimated that the uncer- 
tainty in 6 is about +2°. 


Series 1. This series comprises calibration data for steady towing 
of individual ducted meters. 


Serial Vr Vai Vo Ma Z 


p 
u meter 9 =0° 

eS 12.6 12.5 IP) 3) 12.7 288 .7 
2N 9.1 9.2 9.1 9.2 430.7 
3 8 8.2 8.1 8.3 8.2 509 .0 
4 N 7.0 7.0 7.2 7.0 612.7 
5 8 9.5 9.6 9.6 9.6 412.3 
6 N 12.3 12.3 12.4 12.4 289.7 
958 14.6 14.4 14.7 14.7 239 .2 
10 N 18.2 18.1 18.2 18.3 183.8 
TEES PAU ote) 27.5 28.1 27.9 117.2 
12 N 28 .4 28 .2 28 .2 28 .2 115.5 
Ls 54.4 3} 6 7/ 55.1 54.4 58 .0 
14 N 47.0 47.4 = 47.5 67.9 
15 8 71.0 69.8 70.8 710.6 44 .03 
16 N 79.0 = 719.4 - 39 .68 
17 8 64 .9 67.1 - 65.8 A7 .92 
18 N 65.8 65.9 65.7 65.5 47.52 


bo 
oi 
NANANRANAUnRAUNA!AMN 


u meter 


32 8 
33 N 
34 58 
35 N 


u meter 


CD 


63.7 
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Serial Ver Vy Vo V5 Tt 
u meter @ = 10° 
56 S 39.3 38.8 39.1 39.8 80.84 
57 N 54.8 04.7 54.7 04.7 97.15 
58 S 136.1 134.7 136.8 136.8 22.73 
59 N 50.7 50.7 50.7 50.7 60.35 
u meter 9 = 20° 
60 S 12.6 12.6 12.6 12.6 281.8 
61 N 28.5 28.1 28 .6 28 .6 114.5 
62 S 46.0 45.6 45.8 46.0 69.88 
63 N 78.0 76.9 77.6 17.4 40.02 
64 58 WA oal 169.6 174.2 172.2 18.59 
w meter 9 = 0° 
65 S 9.6 9.6 9.7 rae 425.1 
66 N 7.3 Chee 7.2 7.3 773 .0 
67 S 19.6 19.5 19.7 19.6 173.1 
68 N 34 .6 34.8 34.8 34.3 93 .6 
69 S 26 .6 26.2 26.2 26 .4 126.3 
70 N 24.8 PN 674 24 .8 24 .9 135.1 
7158S 94.9 55.1 54 .6 54.7 58 .42 
72 N 45.2 45.5 44.6 44.8 71.20 
73 8S 102.6 99.8 102.8 102.3 30.86 
T4 N 76 .1* 75.3 75.5 75.3 42.78 
75 58 153 .6 149 .2 L5SROM LOSS 20.65 
T6N 140.0 139.4 141.6 141.1 23.00 


* Wire lying in front of cylinder. 


Series 2. This series comprises calibration data for steady towing 
of coupled meters (OMDUM III). ‘The same tabulated variables are given as 
in series 1, except that values of both T.(u) and T(w) are given as the 
output for each meter. Blank spaces in the T, columns indicate no meter 
response. The estimated uncertainty in 6 is about 2°. 


Serial Vir Vy Vo V3 wey) (w) 

@=0° 
1s 6.9 Teal lies ee, = 643 .6 
2N 11.6 17 leleeS 11.6 = 269.8 
3S 28.5 28.6 28.7 28.4 = 98 .74 
4N 18.1 L7ZRS 498 alts} al = 152.9 
5s 51.5 Silesia moles 51.6 = 53.41 
6N 77.8 ASO) ye 76.8 = 34.3 
78 99.2 97.4 99.8 99.3 443 .0 OX Lief 
8 N 123.5 1:23),.2) 23758 l22R9 = 21.68 


Serial Ver Vol Vo V3 
= HOw ie 
95S Tel Geni: 7.1 TH al 
10 N 10.6 10.4 10.6 10.5 
1158S 21.3 PAL 5 21.5 21.3 
12 N 35.5 35.1 36.0 35 
13 S 64.9 64.5 64.3 64 .4 
14 N 144 .2 144.8 143.9 142 .9 
= e207 ete2ie 
Toes 9.2 9.1 9.1 9.2 
16 N 22.0 PP Gal 22.0 21.9 
17 8S 34.9 35.1 35.4 35.1 
18 N 58 .5 58 .5 58.1 58.1 
19 Ss 136.1 133.9 136.8 137.7 
SO gb We 
21 5S 11.5 ak os} 11.4 11.6 
22 N 9.9 9.0 9.7 9.9 
23 S 21.5 21.8 21.4 21.2 
24 N 51.6 51.9 51.9 51.3 
25 8 - 28 .4 28 .6 28 .4 
28 N 30.9 30.8 30.9 30.6 
29 58 80.0 19 .6 70.8 19 .6 
@ = 60° + 2° 
30 N 9.9 9.9 9.8 9.6 
3158 20.9 20.9 20.8 21.0 
32 N 49.1 48 .8 48 .6 48 .9 
33 8S 24 .9 25.0 24.8 24 .9 
34 N 76.7 75.3 75.3 75.1 
35S 142.3 143 .4 142.9 144.8 
@ = 80272 2° 
3S 8.4 8.5 8.4 8.4 
38 N Spo 18.3 18.4 18.3 
39 S 32.4 32.6 32.8 32.6 
40 N 46.8 46.8 46.9 46.3 
41 § 152.9 153 .3 154.9 154.3 


Environmental Data for BBELS Current Measurements 
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T, (u) 


Ty (w) 


657 .6 

302.3 

135.6 
77.57 
42.52 
18 .98 


409.4 
132.8 
82.76 
48 .18 
21.01 


386.5 
441.6 
172.1 
68.1 
126.7 
116.3 
43 .33 


Two series of horizontal current measurements were made at the BBELS 
and are discussed in chapter IV. Figures IV-6 and IV-10 show plots of 
the current data and the tidal height associated with the two series. 

The raw tide level data are presented here for completeness, along with 
the wind and sea conditions for the periods depicted in the plots. For 
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further information regarding the environmental measurements see chapter . 
TV. 


Series 1 (1964) - The series 1 record (plotted in figure IV-6) covers 
29 April (1200 hours) through 11 May (1200 hours ). 
Tide Level Data. These data were abstracted from the Coast and 


Geodetic Survey raw data tapes and are given at local time (EST). The 
wave height N is in centimeters. 


t (cm) t ‘ (cm) t n (cm) t 7 (cm) 
(29 April) (30 April) o 214 Pe 204 
253 238 198 198 
12 01 
241 223 ae tos 
es 226 s 210 15 fee Os ee 
210 198 
195 183 
207 192 16 05 
14 a 03 i 195 183 
201 186 
201 186 17 06 
15 oui 04 a 207 195 
210 201 
201 186 18 07 
16 ane 05 i 220 207 
226 217 
204 195 19 08 
17 aa 06 aw 235 226 
241 235 
220 210 20 09 
18 ah 07 a 247 244 
250 247 
241 232 21 10 
19 ae 08 ae 2.62 250 
271 253 
259 250 22 11 
20 ae 09 ae 275 353 
21 274 10 259 23 pa 12 es 
284 259 
290 259 24 271 13 241 
22 one 11 pee 265 285 
28 3 te 250 
4 25 
23 281 12 244 01 241 
271 235 226 
24 253 13 223 02 220 


t pte my) 


14 
15 
16 
UT 
18 
19 
20 
21 
22 
23 
24 
(2 May) 
Ol 
02 
03 
04 
05 


06 


O07 


226 
220 
210 
204 
198 
195 
198 
198 
204 
210 
217 
223 


229 
229 
241 
247 
256 
265 
268 
288 
271 
268 
2695 
256 
241 
226 
217 
210 
201 
198 
195 
192 
192 
192 
195 
198 


t mcm) 
038 201 
207 

09 217 
223 

10 232 
241 

11 247 
250 

12 256 
253 

13 247 
247 

14 241 
223 

15 223 
210 

16 204 
201 

17 195 
192 

18 192 
198 

19 201 
204 

20 207 
214 

21 220 
226 

22 235 
241 

23 250 
256 

24 259 
(3 May) 262 
O01 262 
259 


ee) 


02 


04 


05 


06 


O7 


08 


09 


10 


11 


12 


13 
14 


15 


16 


17 


18 


19 


20 


t a) ( cm) 
214 

21 2 
Pel 

22 223 
229 

23 232 
241 

24 247 
(4 May) 250 
Ol 253 
253 

02 256 
250 

03 250 
244 

04 229 
223 

05 210 
210 

06 201 
198 

07 198 
192 

08 12 
195 

09 204 
204 

10 207 
214 

iLal 223 
229 

12 235 
288 

13 241 
244 

14 247 


t ut (cm) 
250 

15 244 
241 

16 235 
229 

17 223 
HALTS 

18 210 
207 

19 201 
201 

20 198 
201 

21 204 
204 

22 207 
217 

23 223 
229 

24 207 
(5 May) 247 
O1 256 
256 

02 259 
256 

03 256 
256 

04 250 
254 

05 239 
229 

06 220 
214 

O07 210 
207 


ie 4 [OR] 
08 201 
198 
09 198 
198 
10 201 
204 
ital 210 
214 
2 220 
229 
13 238 
244 
14 247 
250 
AL) 253 
253 
16 250 
244 
IL7/ 235 
229 
18 220 
210 
19 204 
201 
20 198 
195 
21 195 
198 
22 198 
204 
23 207 
210 
24 220 
(6 May) 226 
ol 232 


t 4) (cm) 
238 
02 244 
247 
03 253 
253 
04 253 
250 
05 244 
238 
06 229 
217 
O07 207 
198 
08 192 
189 
09 186 
186 
10 183 
186 
11 189 
198 
12 201 
204 
13 223 
232 
14 241 
247 
15 250 
250 
16 253 
250 
17 244 
241 
18 235 
223 


TM No. 377 


t @ { cm) 
19 214 
204 

20 198 
195 

21 192 
189 

22 186 
186 

23 189 
189 

24 195 
(7 May) 204 
Ol 214 
223 

02 235 
244 

03 250 
256 

04 262 
262 

05 259 
250 

06 241 
PRO) 

07 223 
210 

08 198 
192 

09 186 
186 

10 180 
180 

11 183 
186 

12 192 


(8 


t 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 
23 
24 


May) 
01 


02 


03 


04 


05 


t 1) (em) 
06 268 
262 
O7 253 
241 
08 229 
217 
09 207 
198 
10 192 
189 
11 186 
186 
12 189 
192 
13 201 
210 
14 220 
235 
15 247 
259 
16 271 
281 
17 290 
296 
18 296 
290 
19 284 
271 
20 259 
241 
21 226 
210 
22 201 
195 
23 189 


t (cm) 
186 

24 186 
(9 May) 186 
01 192 
198 

02 207 
217 

03 229 
244 

04 259 
268 

05 278 
287 

06 290 
290 

07 284 
2795 

08 265 
247 

09 235 
223 

10 210 
201 

11 195 
195 

12 189 
189 

13 195 
204 

14 210 
223 

15 235 
250 

16 268 
284 


t 


17 


18 


19 


20 


21 


22 


23 


24 


(10 


O01 


02 


03 


04 


05 


06 


O07 


08 


09 


10 


T™ No. 377 
1 (em) 


293 
305 
311 
314 
314 
308 
296 
281 
265 
250 
232 
217 
204 
195 
189 
May) 186 
180 
180 
183 
189 
201 
PANG / 
232 
250 
265 
281 
290 
299 
302 
299 
290 
278 
265 
247 
235 
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t 7 (cm) t y (cm) & @ [cm ) 
217 21 287 299 
11 201 271 08 299 
195 22 353 296 
12 189 235 09 284 
183 23 214 271 
13 180 201 10 353 
183 24 192 232 
14 189 (11 May) 183 11 214 
195 O1 177 195 
15 207 174 12 180 
223 02 171 
16 238 171 
256 03 174 
17 271 186 
287 04 198 
18 299 210 
311 05 229 
19 317 250 
317 06 268 
20 311 284 
302 O7 293 


Wind Speed and Direction Data. These data were obtained from the 
Coast Guard Log Book at BBELS. 


Day Time Wind Speed Wind Direction 
(EST) (cm sec -) From °T 
29 April 00 7.0 080 
04 7.0 080 
08 7.0 080 
12 10.0 090 
16 7.0 090 
20 7.0 - 
30 April 00 7.0 045 


TM No. 377 


Wind 
Day Time Wind Speed Direction (From) 
(EST) (cm sec”) (®T) 
04 4.3 045 
08 4.3 045 
12 4.3 045 
16 4.3 045 
20 4.3 045 
May 00 4.3 045 
04 4.3 045 
08 4.3 045 
12 2.95 045 
16 4.3 025 
20 4.3 025 
May 00 4.3 045 
04 4,3 045 
08 4.3 045 
12 2.7 045 
16 5 Uf 045 
20 2.7 045 
May 00 1.0 025 
04 1.0 025 
08 1.0 075 
12 1.0 045 
16 1.0 045 
20 1.0 045 
May 00 0) = 
04 0) - 
08 0 - 
19} ) - 
16 1.0 180 
20 1,0 135 
May 00 1.0 025 
04 2.9 025 
08 2.5 025 
12 2.9 025 
16 2.9 025 
20 2.9 090 


TM No. 377 


Wind 
Day Time Wind Speed Direction (From) 
(EST) (EN SOGT~)) (an) 
May 00 1.0 045 
04 2.9 075 
08 2.9 045 
12 AO 045 
16 AO 180 
20 it 165 
May 00 0 - 
04 1.0 225 
08 1 6@) 229 
2 10 225 
16 4.4 225 
20 6.9 225 
May. 00 2.5 225 
04 2.9 250 
08 2.9 250 
) Pd ot) 225 
16 4.4 225 
20 4.4 225 
May 00 10 225 
04 2.6 225 
08 2.6 225 
12 2.6 225 
16 4.4 225 
20 6.9 225 
May 00 1.0 225 
04 1.0 250 
08 10 225 
V2 4.4 225 
16 4.4 225 
20 6.9 280 
May 00 2.6 270 
04 4.4 280 
08 2.6 270 


Series 2 (1965) - The series 2 record (plotted in figure IV-10) 


TM No. 


covers from 24 November (1230 hours) to 25 November (1000 hours ). 


Tide Level Data. 


These data were abstracted from the Coast and 


Geodetic Survey raw data tapes and are given at local time (EST). 


t | (cm) 
24 November 189 
13 189 
183 
14 180 
180 
15 183 
189 
16 198 
210 
17 223 
235 
18 244 
259 
19 268 
274 
20 274 
274 
21 268 
259 
22 244 
229 
23 216 
204 

25 November 
00 189 
192 


04 


05 


06 


O07 


08 


09 


10 


uh 


12 


~ (cm) 


189 
192 
195 
198 
204 
210 
220 
232 
241 
253 
265 
277 
290 
299 
305 
309 
302 
298 
286 
265 
250 
232 
220 


STL 


TM No. 377 


Wind Speed and Direction and Sea State Data. These data were ob- 
tained from the Coast Guard Log Book at BBELS. 


i Estimated 

Wind Sea 

Day Time Wind Speed Direction (From) Height 
(EST) (m sec ~) (°T) cm) 
November 24 12 6.2 315 30 
16 5.3 000 30 
20 6.2 315 30 
November 25 00 3.8 335 30 
04 2.6 315 30 

08 Ph oP 180 Calm 

12 DP) 180 Calm 
16 6.2 210 30 
20 8.5 210 60 
November 26 00 6.7 210 30 
04 14.8 210 90 
08 11.0 220 60 
12 4.4 220 30 
16 3.5 210 60 


Wave Model Data 


The following are the computer listings of the Tukey spectrum analy- 
sis and the raw u and w tabulations associated with the wave models dis- 
cussed in chapter V. The symbols used on the spectra tables are defined 
in the explanation of the plots and listings in appendix B. The defini- 
tions are also discussed in chapter III. (Note that the symbols $i4(7) 
and US) represent the in-phase and out-of-phase covariance functions, 
respectively). In the raw data tabulations the units are cm secn_s and 
the consecutive values run from left-to-right. 


C-16 


RBM TM No. 377 


RANDOM DATA 


K RO G0 elt) an BO 80 CuO Qu.) 


O 14¢922 1606354 -32703 e000 el27 e061 e019 e000 
1 -e010 1-008 e486 e888 0226 e114 e013 °050 
7 SAU GEMoN0) -e 750 0065 —-22e915 0143 e301 —e023 e050 
s) -e102 -1.319 e501 -1.690 oil 72k 0658 e000 -—e035 
4 —e 133 —2456 0570 12423 0537 e802 -e001 -2189 
BO loa So 239) 1-090 —e841 2885 °900 -2167 —e325 
6 -.357 -e170 -2081 0463 e703 °851 -e2l7 -.2290 
7 -20134 —-32437 0/45 0 368 0474 0517 -e231 -0143 
8 0054 -16109 -10052 0044 0542 0327 4 -0176 0092 
9 logs) alo V23i —2.046 0953 0422 °400 bats) —e1l74 
10 -—2648 °/18 —-2542 12112 0372 0658 -el72 -.188 
ial 0145 e071 e132 e370 0561 01/42 =e 50 -—0126 
2. 20926 0424 —2664 -—e024 0430 0598 0058 =levliZo 
103 0627 16416 -12-120 e072 e251 0/13 0028 -e100 
14 Wo sals) -0090 0924 0243 0575 e751 -.168 e050 
15 -—e584 —2549 0811 —e97T e833 e472 —-e209 e150 
16 0549 -0263 0684 = 727231 0564 0462 -e141 e118 
NY 0440 -lel/7l 0291 20544 0433 0475 -—0032 0118 
18 1.284 0548 -—2508 0656 0470 0372 -e027 0147 
US) 3) 5 5)725) 220438 e252 0086 0367 0481 -2109 0224 
20 -2.676 -2381 1¢219 0929 0510 0565 -e160 0354 
21 =010)515 e080 S059 7 Sloe 7/0) e806. e511 —e240 0387 
QE 1.783 —0244 0 337 e 183 0194 © 393 -e107 © 320 
23 0167 20470 —.2 385 -—e530 0581 0456 -—.050 e271 
24 0145 16832 -206228 0659 0378 0631 -e229 e214 
25 1.6295 -°963 0/15 —2 1/54 0270 ©5006 -e200 0092 
26 —2643 -12248 2864 0494 e272 0289 -e110 -—2003 
2 -e072 0484 —2824 SO A2eNe) 0328 0237 —2043 -— 2063 
28 eS 41) re HO 1.6315 0045 0438 e214 0031 -—2126 
29 0594 —-12532 0327 -.990 0349 0273 -2041 -e039 
30 16398 -1e132 -1+166 —2538 0262 0536 -e207 -—e007 
3} I NOS Al —e545 e052 0174 0498 e714 -e 300 6 WSs 
32 °069 —e446 -—. 860 0375 e338 e358 -e154 -e000 
CORRELATION COEFFICIENT -—e23709 


T No. 377 


A - Ww. 


Ranvom- Biasep Data 


PSEUDO 


RUN 1. 


DATA 


RBM-| 


Sil 


60. 


0 
=U 
ul 
3 


=1 Ayn rye 
oS Le ee 
oS i 


1 


“8 


Heed as oye, ee Seis 


Bea ea N/a ep eT ey 
2 =e) 
edt 
4 


-4 
-7 
5 
1 


« 


ntl eee 


-) 
oe ee 
5) 

(a) 


Qe 


ee 


-3 
=3 
-7 
=1 


+18. 


=1 
= 
=a 

é 


alt 
1 


ely eee Wee ea sc Sc 3 AE es 


ue 
eee: 


-1 
-1 
=9 
-9 


-7 
2. 
-1 


ia) 


4 


= 


cea ie Mage oe 


T™ No. 377 


eae 


RANDom- Biaseo Data - & 


RBM-2 


ouch ANS 
=-)> 


3 
22 


mo ae 


Fe ee eee Gt 


eee ose 


=S 


2) 


=2 


2 7 2 Oe) 
=3 


=6 


9 
-6 


3S) 


=4 


=200 


=4 


N0N000 


SUM TM No. 377 


SINE WAVE 
IN ouT 
© 8D O20 a.m orm 6H BH GW qld) 
0 4926899 50027 e000 e000 e010 °006 -e001 e000 
1 292248 292063 -0040 -402226 -e015 e023 e903 °004 
2 —-150344 -152338 -elol -472315 OT 0025 -—.003 -2008 
3 -476¢282 -470257 e002 -15-268 -e019 -e010 -—e006 °035 
4 -400237 -402188 5038 “25239 0058 e057 -e009 —eiOiel 
5 -e001 0073 0080 492730 = 010) 2) -— 083 -e005 e077 
6 404126 404222 0056 292182 e190 0189 —e900 SO LY) 
Y 472256 AYU GNI -0056 —15e357 —0493 -—e495 —-e007 0498 
GB IS 54&29 | WB Wise -e087 -47.218 32029 22991 -e028 -3.005 
9 -292234 -290e209 -e007 -40e¢160 194609 1946554 -2026 -19.583 
10 -492698 -49e/22 -e050 0043 225992 AZ5a90 0013 -22.389 
11 -29e264 -294035 0157 402188 50588 5 e622 O02  —DoOOGE 
2 UHosxv7@ wWwSoser 0087 476181 -—e651 - e629 e013 0642 
13. 476243 4706137 0007 156292 0219 © 233 e007 e226 
14 406174 406131 =o097 —29o any -—2094 —e084 e005 0090 
ML) e102 -e120 =el32 —-49.718 0055 0051 2006 — e050 
16 -40160 -400256 =O S2IGZNA -.2007 —e024 e006 e022 
17 -472316 —474185 0047) 152281 0028 °022 0003 —e023 
18 -152456 -154204 0052 472333 -—e014 -e007 e001 e013 
1G A2QVolaS BWVails 0992 4046223 0108 0018 00909 -—.e007 
20 494899 50027 e000 e000 —e007 -— e902 -—e000 e007 
21 294250 294060 —2043 -4002226 0004 e012 °003 2004 
22 -156342 -150e341] —e103 -472315 -e001 ©030 e012 e005 
23 -472281 -470259 e001 -15.268 e005 0036 e012 — 2003 
24 -402¢238 -40-187 50387 2902257 e000 °006 e002 °002 
25 -—e003 0076 2083 49.730 0018 e013 —-e007 °006 
26 4020125 404223 0058 292182 0016 e013 —e099 e012 
27 &75256. 7 oNNG —2057 -154358 °004 e010 -.001 e002 
28 152430 156184 —e090 -472219 -e001 0026 0002 e008 
29 -294234 -292212 -e010 -40.160 0004 0939 0092 e010 
30 -49.698 -492722 -2050 0044 —e900 e011 0091 e004 
31 -292264 -294032 e160 402189 0905 e012 -—e006 -e001 
2 15.2369 1536 S57) 2090 472180 0003 e011 -.2006 e000 
CORRELATION COEFFICIENT e00000 
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—(5) 
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=) 
lh 
ne) 
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Seas epee eee 


SBM 


BIASED SINE WAVE 


eX) 


0 49.899 
1 292248 
2 -150344 
3 -472282 
4 -400237 
5 -e001 
6 40126 
7 472256 
8 1546429 
9 -294234 
10 -49.698 
11 -29.264 
12) Mero S770) 
13. 472243 
14 4026174 
a) e102 
16 -40¢160 
17 -47.2316 
18 -152456 
WS) QBIG MES) 
20 492899 
AN 29o250 
22 -150342 
23 -472281 
24 -40¢238 
25 -e003 
26 400125 
27 472256 
28 152430 
29 -292234 
30 -49.2698 
31 -292264 
B20 16369 
CORRELATION 


RO) ohn 4%) 4&6 G0 


D309A1 abo rO® °000 
312308 -1-094 -41.776 
-162535 0448 -492064 
-500953 e033) dre 8i1'8 
-432249 16482 302338 
0124 0079 «512584 
4306333 -10e364 302256 
500769 =1e754 —-152912 
166327 -—2661 —48.997 
-312470 12045 -41-659 
-532621 1.749 0049 
-310e274 12203 412690 
162528 -0°488 48-952 
50¢/84 -14-695 152837 
4306220 -12486 -—300293 
-e0/71 -e131 -51.564 
—43 2294 12365 -302310 
-502889 126746 152831 
312448 -2953 4126772 
BS09AY ilove? e000 
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Ge 33D e362) (3021019 
BOC) SiG 7h) SuleypS)ats) 
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e195 
0542 
0222 
e070 
e124 
0058 
e669 
e262 
0089 
e057 
e017 
0029 
e010 
e015 
0003 
0013 
°028 
0034 
°006 
e012 
e011 
e011 
0036 
0052 
e016 
e011 
e011 


Cus (€) 


-~.002 
-e002 
— e004 
-e005 
-e011 
-.003 
-e010 

e008 
-—e136 
-.e/31 
-0/92 
eples 


= 3 
-20 
=293 

=5 


0038 _ 


e002 
e009 
e001 
e002 
e000 
°002 
©0002 
©0002 
e003 
e012 
e012 
e002 
-.009 
-e011 
e001 
0002 
0002 
e001 
-—e006 
-—e006 


Qu (F) 


e000 
e005 
e009 
e037 
0032 
e080 
e185 
ob 7/ 
ell7 
0315 
0226 
0817 
e661 
0240 
0093 
0056 
0013 
0029 
e012 
e011 
e005 
e005 
e002 
e005 
e001 
e001 
e006 
e001 
e009 
e012 
e004 
e001 
e000 
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APPENDIX D 


DIGITAL COMPUTER PROGRAMS 


The various computer programs discussed in chapter III are presented 
here in abbreviated form for the convenience of those wishing to consider 
similar analysis of oceanographic data. These programs were used on One or 
all of the following digital computers. 


(1) An International Business Machine (I.B.M.) 7090 digital computer at 
the Massachusetts Institute of Technology Computation Center. 


(2) An I.BoM. 1620 and a Control Data Corporation (C.DeC.) 3200 digital 
computer at the Naval Underwater Weapons Research and Engineering Station 
computer laboratory. 


The programs are in standard fortran language. A brief statement of 
definitions of non-standard or unigue symbols and other helpful information 
are included. : 


The programs listed here were designed specifically for the wave studies. 
However, they can be made generally applicable to stationary time series data. 


Velocity Conversion Program ( VELUTIME 


This program (discussed in chapter III) converts the punch card data, 
which contains the sign and relative time of voltage pulse occurrence (along 
with zero crossover information), into uninterpolated velocity data (cm sec™ Ne 
The raw data punch cards contain five sequential pieces of data. A negative 
velocity is indicated by the number 2 (two) in the output listing. 


Abbreviations used are: 


EMSEC = The chart speed of the Sanburn recorder read in mm sec7l, 
IND(k) = Indicator of the direction of the positive pulses on the strip 
chart (to provide the proper sign for the velocity values )3 
i.e., IND = O denotes upward pulses 
1 denotes zero crossing 
2 denotes downward pulses. 


Combination Spectrum Program (Program BBELS ) 


This flexible program contains three subprograms which include linear in~ 
terpolation, orthogonal velocity corrections (of OMDUM III data), and spectrum 
analysis. The input is the velocity time data_generated in the velocity 


1D}=aL 


3200 FORTRAN (2.1) T™ No. WT / 


PROGRAM VFLTIME 
DIMENSION x (4500) » IND (4500) 
1 Isa 
NN=1 
N=] 
REAI)(600100)EMSEC 
READING 0 NO 2 ACU INOIUVoX Ce) SIND Ce X63) y IND (3) 9 ACG) IND C6) 9K (5) 
VIND (5) 
RB IF(X(T) el Te 999999)905 
9 IF (IND (1) 1) 70016070 
70 IFCIND(T) eTND( Le] -1))16971916 
ey SSI) 
28 IF (I=(5#N41)) 807922 
ee NasNn+] 
69 TO 28 ? 
T RFAN (600107) X(1) os IND(I) 9X (141) oS IND(I#1) oX (142) op IND (142) 9X (143) 9 
LIND (143) oX(1*4) ol NO (144) 
GO TU 8 
71 CONTINUE 
14 D=X(T)=X(Tel) 
TIMES (X(1)4#X(T=1)) 426 
D2((N/1526) /EMSFC) #1000. 
TIMESTIME/1506 
TIMESTIME/EMSEC 
IF(D elEe 206 99) 36037 
36 Y=2(0"15.54)/(7410.2907E=05=7837.2527E=N6#D) +210.70000 
GO TO 25 
a7 IF (D aLEe 33¢48) 38939 
38 Y=(0=-23.00)/(5994,0137E=05-8476.9629E=06*D) +14V0.000 
GQ TO 25 
39 IF(D eLEe 93262) 40941 
40 Ys.66680522E=9 7#D##5—,_ 146990) JE-048#D 8844, 7246335 0F aN) 34/483 
YaV+.55538870E<01#0*#2=-,69160109F +01 80+. 25032362E+03 
GO TO 25 
41 IF(D oelEe 23962) 42043 
42 Ys(0"11505)/(.20498400=.038643265#D) +28.40 
GO TO 25 
43 Ys(D=288e7)/(34e199517=.16685755#D) +1260 
25 IF (IND (1) =1) 26926027 
AT Ys-1e*Y 
26 WRITE(100101) YoTIME oe! 
WRITE (610191) YoTIMESI 
TsI+] 
NNSNNeo] 
GO TO 28 
STEND! BIE jn 
REWIND 10 
D0 60 K=S19NN 
READ (100101) YoTIMEol! 
WRITE (620101) Yo TIME GI 
60 CONTINUE 
REWIND 10 
100 FORMAT (F6.0eI3eT3eF4e!)) 
101 FORMAT (F10.50F 1005015) 
1n2 FORMAT (S(F6ce00T298X) ) 
60 TO al nee 
END fa ape ; TD ae ae ee = 
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conversion program. The input can be a single time series (as w(t)), a paired 
time series (as ws). w(t)) from the OMDUM system, which may or may not be 
corrected$; or a paired time series from the LIMDUM system (as w, and w. 7 Or 

Uy and Up ) + The usual auto-spectrum analysis is performed on the single time 
series. On all paired time series both the auto-spectrum and cross-spectrum 
operations are performed (as discussed in chapter III). The interpolation 
program (entitled PROGRAM BBELS ) is discussed in chapter III. The correction 
program is entitled SUBROUTINE CORRECT. The third program, the spectrum 
analysis, is entitled SUBROUTINE SPECTRA. The following abbreviations are used. 


u(I) = Interpolated velocity data from u meter (or upper meter) 
w(I) = Interpolated velocity from vertical w (or lower meter ) 


ML = Number of lags for spectral estimates (limit is set at 100) 


CODE O denotes single time series 

alt denotes OMDUM data 

-l denotes LIMDUM data 

IOl = Number of series 

YOR = Depth of instrument 

103 = The nth measurement at the te caaia depth. 
yO} = Time interval (sec ) 

U(J) = Uninterpolated velocity 


T(J) = Time of occurrance of U(J) velocity. 


Note: The CDC 3200 program has a capacity to take 32 x 103 Single time series 
data pieces or 2400 data pairs. 


731 


1009 
10 
1) 

600 
6n4 
65 


3200 FORTRAN 


PEHGRAM BRELS 
DTMENSTON T(2400) 2” (2400) 


~———CHMMON VNEW (24007. YNEWC2600) — 


REAN (AD e6N0) M1 eCONE 

REAN (402694) 101 eYOA9TIN39 YOS 
W2TTE (412695) TOL Y)20f03 
WQTTE (470695) TOLSYI29TN3 
FORMAT (1%e10H OK SO FAR) 
FOQMAT (PF IN. SeTY) 
FORMAT (1 Xe?F19,5015) 
FORMAT (T4eF4eNoTGet4) 
FORMAT(SXoT3eF4e.leT2eFSe2) 
FORMAT (1H1e54HBKRELS=01359 3X oF 30el92HM—ol 3) 
A=.?7 

Z267 

Ma} 

B=.? 

Neon 

Js! 

READ (640014) Vid) oT fd) oe LL 
Nanel 

J= Je] 

IF (LL) A015 02 

DO 90 J=A eM 

TF (T (J21) #4) 40502) 

Asr7 

Gy TO 9 

TE (TOI) SA) 9009095 
TOTFF ST (J) =T (Je1) 
VOTFFav(J)-V(J=1) 

TNIIMSA2T (Jeol) 

IF (T(J=1) 2A) 8020921 


FRET LOS TNH TD LE ae = 


on 
270 


DINTPaRATTIO#VDIFF 
VNEW(M) SV (Jel) enINntTe 

GX TO 220 

VAIFW(M) 2V (Jel) 
WRTTE(S1le}1) VNEFW(M) oAgM 
M=Ve1 : 
TESTSTDIFFeTNUM 

LTE (TEST=8) 9009025 

A=A+Z 

GA TO 6 

CONTINUE 


Sr ee Mesa iaesa ae Se eS Re Soe ep Be hae 


732 


SIN ee lice See ee Sit Ro Se ee a a ee 


6 


IF (CONF) 73305550732 
AA=.2 

WRT TE (41061000) 

Z=02 

MOzs1 


Ji=1 

RFAD(6001N) Vid eT(SPoLL 

NOSNO#1 

JaJe] 7 = Ge a i 
IF (LL) 2201402 
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(201) 


OR If (T(Jel)=AA) 666550210 


690 TO 98 
=p 4G TE {(TUJV=AA) 9909997055 
55 ToHTFF2T (JU) =T (Jel) 
VNTFFSV (J) eV (J=1) 
66 TNUMSAA=T (Jel) : 
7 0. lit CUPweinoneyy loa bbot secur 5) a) ulm 
B8 RaATIOSZTNUM/TDIFF 
= DINTPSRATIO®VDTIFF | Pua tale Tie at Man aay a 
YNEW (MO) ev (Je 1) +DTNTP 
GOmlOm2 cen 
211 YNEW (MO) =v (J=1) 
222 WETTE (61011) YNEW (MO) 9 AAoMO 
_ MO=MO41 fbi! Medica Crea, 
TES TSTNIFF=TNUM iG ae a 
Ie TEAS Ti= B) 99029909250 
260 AAzAAeZ ata z 
Gn TO 66 
999 CANTINUE ~ 
WRTTE (6191000) 
a ~ TE(M=40)B8RR4430777 7 
777 J.J=M0=) 


B88 JJ=Mel 
oe 443 IF (CONDE) 55555559444 pod Pe Pani 
444 CALL CORRECT (JJ) 
~ 655 CALL SPECTRA (JJeCODEsM1sYO4eT019YO20103) 
Ko) ilo 


ENN 
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a ae ee Re Gh 


(i 


Haya 
99 


? 


~ “YR RYTHET=.0014 .0000RS*#THETA) (THETA) #1200 


122 


131 


RY¥TH2(=.00N5* (THETA®THETA) *-071*THETA=1. 34) 
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3200 


SHRROUFTINE CORRECT (JJ) ae 
COMMON U(2400) 6 W(2600) 


FORTRAN 


WQ2TTE (6101000) 
DA 999 JalieJJ . 
IF (W(J)) 499904 

Yah (JVAW() 
YYZABSF (Y) 

TF (YY-1.5849) 


10-lloell ; 


K2(( (#271 67P4037#YY= = 325271192) *YY*1e 1616579) #YY #67. 905764) #vy 


X2%—-,90N1549985 
6N TO 90 

IF (YY =29,743803) 
X2ATANF (YY) 
XEX#5 7.795788 ee eS 
6) TO 9N 

Ks (LOGE (¥Y=1 22058934) ©9.7816200) 4. 1459879) 

THE TA=X 

IF (Y) 30e98e2 
IF (THETA=45-) 


Vllolllollll 


18218919 

A=90e=THETA 

IF (A=70.) 12209122-121 

RXTHB=.00009% (AHA) +601238%A4. 758 

GY TO 30 

RXTHS=, 1005 (AHA) +,071#A@ 1. 34 

Gn TO 20 pantie ee = = 
IF (THFETA=79.) 11801180119 

R¥TH==,000N9* (THETAPTRETA) +,.01238%THETA+.758 
Aa gn et THETA 

Gn TO 1e0 z 


R¥THS(=2001%e0000R5%A) #(A) +1200 
IF (U(J)) 799808 
THF TQ2270.<=THFETA 
69 TO 9 

THF TAS9ONe@THETA 
Ureerretht ty 7 RX Ter - 
W( J) @Ww (J) /RYTH 

6A TO 25 = 

IF (W(J)) 87988e88 


“TSHETARSTO, saan a 


W(.J) BewW (J) 


= 1 OF EAT 
GQ TO 25 
AR THETA=90~6 
W(J) @W (J) 


2A RY TH (=4001+.0000AS®THETA) #THETAS1 600 
“A200 e=THETA ; 
IF (A702) 2220222.221 
zx Sez RXTHS( =. 0O00IF (HOA) Fe Ol 2ISCNS. TSS Sa 


GN TO 30 
2-§— = 


=e e e 
69 TO 30 
oo TF (THETA=700) 2Ins2ltaeele  _ 
218 RYTH= (=200009# (THETA*THETA) +6 O1238*®THETA+. 758) 
FO EMG UEY ; 


Sree 4 


GN TO 220 
219 RYTHE(=.00NS#(THETO*THETA) *oO071*THETA=1.34) 
A=90.=THETA 
220 RXTH=(=.001%e0000858A) #(A) #1200 
39 IF (U(J)) 37998638 


37 THFTA=90e+THETA Se Be EAD a Ra ie 


Gn TO 40 
IGM RTASS TOON Aan co To ae 
40 UlJ) SU (J) /RXTH 


WC) SW (J) /RYTH i Se oid eae 
a a5 PRINT 69U(, DD OND) OUI SUL 


GN T9 999 See aie ii 
99 IF (U(J)) 10391020101 
[ch Ti) MRT CATA = Olen cae ala ia CT gr Sen agr eka eaie gu ee 
UJ) SU (J) 


W(J) B04 mae vi i eae ‘ a 
6D TO 25 


T02 THETASI0 ; he 


U(J)sU (J) 
TICES = 
: Co) Oe 

77 FORMAT(F10.S) | 
6 FORMAT (PF 1% eS 0F 702) 

666 FORMAT (15) 

1000 FORMAT(1X%s10H OK SO FAR) 
~ 999 CONTINUE 

RETURN 
END 


3200 FORTRAN DIAGNOSTIC RESULTS = FOR CORRECT 


973 


913 
TAR 


23 
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3200 FORTRAN (2.1) 
SHAROUTINE SPECTRa (Ne CODE Mi c ¥04691f01 + ¥020103) 


DIMENSTON 4(109) 081100) 9€(100) 00(100) o£ (100) oF (100) 
——_———CAMMON X( 74007 eY (7400) ~— om aoe Pena ae a 


P133.214159 

WITTE (6194595) 10) e¥N29T03 

S'MK20,0 

SiMyYs.,0 

IF (CONE) 11-1l2e11 

DN 5S T=leN aor 
SUMKXSSUMK +X (J) 

SUMYSSUMY#yY (T) 

ENN 

SUMYSSUMY ZEN 

SUMX=SSUIMX SEN 

WRITE (62.406) Mette VYO4 Sher ita 
WRITE (610606) MleNoYO4 

WATTE (620697) SUIMX 

WQTTE(A1leAN7T) SUMX 

WOTTE (6204608) SUMY 

W2TTE(61°498) SUMY 

WATTE (42 04AN9) oie are eat 
W2TTE (619499) 

DQ 973 T21eN 

X(T) =X (T) —SUMX 

Y(T)=Y (1) =SUMY 

GN TNO 16 

DA 4&4 TeleN 

SiMKXSSUMK eX (TI) 

ENsN 

SIIMKSSUMX/EN 

WRITE (62¢696) Ml oe YO4 

WRTTE (6519606) MleNsYOG 

WRTITETAA OATH StteK — ; a 
WQ2TTE (6194607) SUMX 

WATTE (410693) 

WOTTE (629403) 

DD 913 THleN 

X(T) 2¥ (T) =SUMX 

M=z“letl oa aie a ar a eee = 
M22sM]¢1 

DO 22 L=lem2 

Silane 

Sime=r.n zs 
StimM3sz0.9 

Oar sala (Sein cme Siac ae Li ee Tee 
L7sIeLe1 

SMT SSUM1 4X (LZ) @X(T) 

SiIMPSSUMP eK (LZ) 

STIMJSSUM3 eK (T) 

Z7=N21¢] 


iio COME Alle Cea ama ea La 


CIEF 2aCOFF #2 
A(LY=COFF#SUM] <COFF2*SUMZ2*SUM3 —————— 
IF (CONE) 25024025 


~ 25S SMae0.0 ce Tart ih Tinh ae oe Ge ae 


Sijm52020 
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Sum7ean.f 
aS aos. 0 SS = ; = 
DO 26 ITeleN 
EVOL 7 
SIIM4=SUM44Y (LZ) #¥ (7) 
StUIMBSSUMS4Y (LZ) 
SUMBSSUM64Y (IT) 
SUM7T=SUM7T*#X (LZ) #Y(T) 
26 SLIMRSSIIMASY (LZ) #X(T) 
B (I) COEF #SUM4=COFF 2#SUMS5#SUM6 ‘al aa 
C (lL) =COEF #SUM7=COFF 2#SUM2#SUM6 
: Dt) SCOFFPeSUMR=COFF2#5UMS54SUM3 PP ea aS eae 
E(LyS(D(L)4C(L)) 726 AS Mala ee 
TMI STON LY Sete N45 ae in eas = 
24 CANTINUE ; he Pee. 2 ee Oe , ! a 
22 CONTINUE | j 
DO 27 K=leM2 
eae ia ie IF (K-1) 2Re28929 
28 ZM1=M1 
~ DELTSle/(2.#ZM1) rea ‘ > 
6N TN 32 
29 IF (K=MP) 31 eo Ben Sep Ne FONE Tan ey 7c ae a 
31 ZM}=M1 
PO Pai eMNGien sa a ey 
32 Sim129.0 
~ SiMP2000 i = =e Sie Rae a aaa an ee 5 
S'IIM3=0.0 " 
~ SiM6S000 | oer Bin he Gedo Th ae ie) 
EmMi=M] ee ee Seer ere ed 
~ CAYSKe] a ; : 
Do) fe) LOAM He Dr ae a 5 as Pee re 
— E_stel 
— GUTS (16 *COSF (PI*EL/EM1) ) *COSF (PI®CAY#EL/EM) ) 


~ SHUML=SSUM]eGUT#A (LY 
IF (CONE) 25933035 hee 
35 SUM2=SUM24+GUT#R (L) 
S'IIM33SUM34GUT#F (L) 
~~ SUMGSSUM44 (1 6*COSF (PIPEL/EM1)) SSINF (PY®CAYPEL/ZEM]) ®F(L) 8 = =——— 
33 CONTINUE ue! oe 
Xv SNELT# (SUM14A(1)) . = is ae eee ei 
IF (CONE) 37536937 
TT AS OLAS PGMA PCR 2 0) J a 
Z=aDELT#(SUM34E(1))_ 
een 10) 0 Oh 2-10 |) = = ea cee 
RaSQRT ((Z#e2ewee2)/(X1*Y1)) 
~— TSATANF (W777 een oe aa ar a ae aT 
T3T/00174533 
Sr ny SAS OR AURel Welln nicest 
Q=W/SORT (X1#Y1) 
~—KKak=] = a ee aa a 


XLOPSKK Sen Si apr ee pe t-te Gm 
BREE Dee CE O* LOS) ACRE 


WRITE (62960B)KKoA(K) 6B(K) o£ (K) oF (1) oKD OV oZoUoPRLPRsT 
Boon do Ga 
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246 Kako} 
Ki Qem) . 
Ry QPaKkKk | 5 ah Sneed i 
——— FXL Bale #K_Q¥v04) /*LQP fi dE Sa 7 is eta 
FRE Q819090./FXLP 
WATTE (629602) KKoA(K) oX1 o FXLPoFREQ 
WRITE (610692) KKoA(K) 9X) o9FXLPoFREQ 
27? CONTINUE 
IF (CONE) 39438039 
39 Cesk (1) ZSORT(A(1) #R(T)) - 
WRITE (620e3)CC 
WQTTE(61¢e3)CC 
38 CONTINUE 
609 FORMAT (4RRK AcCOV U ACOV Ww COV IN COV OUT SP U SP We28H CO 
) QUA PER ] PHI) 
6NR FOQSMAT(1TXe8HMEAN Ww =oF1025) 
6N7 FOARMAT(1Xe8HMEAN |) =9F 1005) 
695 FARMAT(1A1 e 6HBRELS=-01393X0F 30) e2HM@oT 9) 
6NF FORMAT (13e7F9.302FR elo lF6e2) 
606 FORMAT (T3e4ALAGS» 3X eo ISeoLLHDATA POINTS. 5X9 3HDI259F 4.20 3HSEC) 


6N3 FORMAT (38H K AcOV SP PERIOD F(MC)) 
3 FORMAT (23HCORRELATION COEFFICIENT oF 10.8) =e 
RETURN 
END 


3200 FORTRAN DIAGNOSTIC RESULTS = FOR SPECTRA 


. ERRORS 
YAN e SA 
IN» 20 eNM 
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Head-to-Tail Vector Plot Program (entitled PROGRAM NUWS 
This program (discussed in chapter III) prepares data punch cards from 
current meter data (consisting of current vector speed and direction). 
These cards are then placed in the Benson-Lehner electro-plotter, which 
plots the head-to-tail vector plot. 
The abbreviations used are the following: 
D = Direction of current (°T) 
S = Magnitude of vector (em sec7t) 


L =})1 signifies end of data 


O continue reading. 


1D} ALL 


NULL STATEMENT NUMBERS 


LOAN +56 


11 


DMN w 
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3200 FORTRAN 
PROGRAM NUS 
XxX20 

YY=0 

Kel 

READ 2eDATE9SeDoL 

FARMAT (F6.1925X0FH20924X9F 420911) 
IF (L) 1005010 

FORMAT (3F100e2014) 

IF (90.°0D) 49606 

THETA&(90,2D) #.01745329 

GN TO7 

THE TA® (450,20) #01 745329 

XaS#COSF (THETA) 

YeS#SINF (THETA) 

XXSXXeX 

YYsYYey 

PUNCH 39DATE XX VY oK 

PRINT 3eDATEoXXeVVoK 

Kak+] 
(Ko) 1 @) 1 
END 


3200 FORTRAN DIAGNOSTIC RESULTS = FOR 


(2e)) 


NUS 


DISTRIBUTION 
Addressee 


Director of Defense Research and Engineering 
Office of the Secretary of Defense 
Washington, D. C. 20301 

Attn: Office, Assistant Director (Research) 


Office of Naval Research 

Ocean Science & Technology Group 

Department of the Navy 

Washington, D. C. 20360 

Attn: Surface & Amphibious Programs (Code 463) 
Attn: Undersea Programs (Code 466) 

Attn: Field Projects (Code 418) 

Attn: Geography Branch (Code 414) 

Attn: Ocean Science Programs (N61S) 


Commanding Officer 

Office of Naval Research Branch Office 
495 Summer Street 

Boston, Massachusetts 02210 


Commanding Officer 

Office Of Naval Research Branch Office 
219 South:Dearborn Street 

Chicago, Illinois 60604 


Commanding : Officer 

Office of ;Naval Research Branch Office 
1030 East Green Street 

Pasadena, California 91101 


Commander 

Naval Ordnance Test Station 
Pasadena Annex 

3202 Foothill Blvd. 
Pasadena, California 91107 


Commanding Officer 
Naval Torpedo Station 
Keyport, Washington 98345 


Commanding Officer 

Office of Naval Research Branch Office 
Navy. #100, Fleet Post Office 

New York, New York 09510 


Chief. of Naval Operations (Op03EG) 


TM No. 


Si 


PRPRPER 


Addressee 
Director 
Naval Research Laboratory 
Washington D. C. 20390 


Attn: , Code 5500 


Commander 

U. S. Naval Oceanographic Office 
Washington, D. C. 20390 

Attn: Code 1640 (Library) 

Attn: Code 031 

Attn: Code 70 

Attn: Code 90 

Attn: Mr. Pat DeLeonibus 


West Coast Support Group 

U. S. Naval Oceanographic Office 

c/o U. S. Navy Electronics Laboratory 
San Diego, California 92152 


U. S. Naval Oceanographic Office Liaison Officer (Code 332) 
Anti-Submarine Warfare Force 

U.S. Atlantic Fleet 

Norfolk, Virginia 23511 


U. S. Naval Oceanographic Office Liaison Officer 
Anti-Submarine Warfare Force Pacific 

Fleet Post Office 

San Francisco, California 96610 


Commanding Officer 

Naval Torpedo Station 
Keyport, Washington 98345 
(QEL Technical Library) 


Commanding Officer and Director 
Naval Ship Research and Development Center 
Washington, D. C. 20007 


Commander-in-Chief 

Submarine Force Pacific Fleet 
Fleet Post Office 

San Francisco, California 96610 


Commander-in-Chief 

Pacific Fleet 

Fleet Post Office 

San Francisco, California 96610 


TM No. 377 


No. 


of Copies 


6 


PRE RE 


Addressee 


Chief 

Naval Ordnance Systems Command 
Department of the Navy 
Washington, D. C. 20360 
Attn: Mr. John Ropek 03C 


Chief 

Naval Air Systems Command 
Department of the Navy 
Washington, D. C. 20360 
Attn: AIR 370E 


Office of the U. S. Naval Weather Service 
Washington Navy Yard 
Washington, D. C. 20390 


Chief 

Naval Facilities Engineering Command 
Department of the Navy 

Washington, D. C. 20390 

Attn: Code 70 


U. S. Navy Electronics Laboratory 
San Diego, California 92152 
Attn: Code 3102 

Attn: Code 3060C 

Attn: Dr. E. C. LaFond 


Commanding Officer and Director 
U. S. Naval Civil Engineering Laboratory 
Hueneme, California 93041 


Commanding Officer 
Pacific Missile Range 
Pt. Mugu, Hueneme, California 93041 


Commander, Naval Ordnance Laboratory 
White Oak 
Silver Spring, Maryland 20910 


Commanding Officer 
Naval Ordnance Test Station 
China Lake, California 93557 


Commanding Officer 
Naval Radiological Defense Laboratory 
San Francisco, California 94135 


TM No. 377 


No. of Copie 


1 


PRP 


Addressee 


Chief 

Naval Ship Systems Command 
Department of the Navy 
Washington, D. C. 20360 
Attn: Code 1622B 


Officer-in-Charge 

U. S. Navy Weather Research Facility 
Naval Air Station, Bldg. R-48 
Norfolk, Virginia 23511 


Commanding Officer 

U. S. Navy Air Development Center 
Warminster, Pennsylvania 18974 
Attn: NADC Library 


U. §. Fleet Weather Central Joint Typhoon Warning Center 
COMNAVMARTANAS Box 12 
San Francisco, California 94101 


Superintendent 
U. S. Naval Academy 
Annapolis, Maryland 21402 


Department of Meteorology & Oceanography 
U. S. Naval Postgraduate School 
Monterey, California 93940 


Commanding Officer 

U. S. Navy Mine Defense Laboratory 
Panama City, Florida 32402 
Attn: Mr. Robert Williams 


Commanding Officer 
U. §. Naval Underwater Sound Laboratory 
New London, Connecticut 06321 


Officer-in-Charge 

U. S. Fleet Numerical Weather Facility 
U. S. Naval Postgraduate School 
Monterey, California 93940 


Commanding Officer and Director 
Naval Training Device Center 
Orlando, Florida 32813 


T No. 377 


No 


Om COpLES 


AL 


Addressee 


Headquarters, Air Weather Service (AWSS/TIPD) 
Wo So ake INeHeS 
Scott Air Force Base, Illinois 62225 


AFCRL (CRZF) 
L. G. Hanscom Field 
Bedford, Massachusetts 01730 


Coastal Engineering Research Center 
Corps of Engineers 

Department of the Army 

Washington, D. C. 20310 

Attn: Mr. Leo C. Williams 


Army Research Office 
Office of the Chief of R&D 
Department of the Army 
Washington, D. C. 20310 


U. S. Army Beach Erosion Board 
5201 Little Falls Road, N.W. 
Washington, D. C. 20016 


Director 


U. S. Army Engineers Waterways Experiment Station 


Vicksburg, Mississippi 49097 
Attn: Research Center Library 


Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 20305 


National Research Council 

2101 Constitution Avenue, N. W. 
Washington, D. C. 20418 

Attn: Committee of Undersea Warfare 
Attn: Committee on Oceanography 


Laboratory Director 

California Current Resources Laboratory 
Bureau of Commercial Fisheries 

Ro Op Bore 2yal 

La Jolla, California 92038 


TM No. 377 


No 


. of Copies 


all 


20 


Addressee 


Commander 

First Coast Guard District Headquarters 
1400 Custom House 

Boston, Massachusetts 02109 


Director 

Coast & Geodetic Survey - U.S. ESSA 

Attn; Office of Hydrography & Oceanography 
Washington Science Center 

Rockville, Maryland 20852 


Director 

Atlantic Marine Center 

Coast & Geodetic Survey - U.S. ESSA 
439 West York Street 

Norfolk, Virginia 23510 


Director 

Institute for Oceanography 

U. S. ESSA 

Gramax Building 

Silver Spring, Maryland 20910 


U. S. ESSA 

Geophysical Sciences Library (AD 712) 
Washington Science Center 

Rockville, Maryland 20852 


Commanding Officer 

Coast Guard Oceanographic Unit 
Bldg. 159, Navy Yard Annex 
Washington, D. C. 20390 
Attn: Mr. Melvin Light 


Chief, Office of Marine Geology & Hydrology 


U. S. Geological Survey 
Menlo Park, California 94025 


Director 

Pacific Marine Center 

Coast and Geodetic Survey - U.S. ESSA 
1801 Fairview Avenue, East 

Seattle, Washington 98102 


2M WO > SY/7/ 


No 


. of Copies 


iL 


Addressee 


Geological Division 
Marine Geology Unit 
U. S. Geological Survey 
Washington, D. C. 2020 


National Science Foundation 
Office of Sea Grant Programs 
1800 G Street, N. W. 
Washington, D. C. 20550 


Director 


Geophysical Fluid Mechanic Research Laboratory 


ESSA 615 Pennsylvania Avenue, N. W. 
Washington D. C. 20004 
Attn: Dr. A. H. Dort 


Bureau of Commercial Fisheries & Wildlife 
U. S. Fish and Wildlife Service, Librarian 
Sandy Hook Marine Laboratory 

P. O. Box 428 

Highlands, New Jersey 07732 


Director 
National Oceanographic Data Center 
Washington, D. C. 20390 


Laboratory Director 
Biological Laboratory 

Bureau of Commercial Fisheries 
#75 Virginia Beach Drive 
Miami, Florida 33149 


Director, Bureau of Commercial Fisheries 
U. S. Fish & Wildlife Service 
Department of the Interior 

Washington, D. C. 20240 


Dr. Gene A Rusnak 

U. S. Geological Survey 
Marine Geology & Hydrology 

345 Middlefield Road 

Menlo Park, California 94025 


Assistant Director 

Oceanography Museum of Natural History 
Smithsonian Institution 

Washington, D. C. 20560 


laboratory Director, Biological Laboratory 
Bureau of Commercial Fisheries, P. O. Box 6 


Woods Hole, Mass. 02543 
7 


TM No. 377 


No 


. of Copies 


1 


TM No. 377 


Addressee No. of Copies 


Advanced Research Projects Agency aL 
The Pentagon 

Washington, D. C. 20310 

Attn: Nuclear Test Detection Office 


Director 2 
Woods Hole Oceanographic Institution 
Woods Hole, Massachusetts 02543 


Director AL 
Narragansett Marine Laboratory 

University of Rhode Island 

Kingston, Rhode Island 02881 


Gulf Coast Research Laboratory all 
Ocean Springs, Mississippi 39564 
Attn: Librarian 


University of Rhode Island 
Kingston, Rhode Island 02881 
gigas Iereonts IR4 ablILk 

MNcgigas lacie s| Io IDojyekenlil 

Attn: Prof. F. Middleton 


PE 


Chairman, Department of Meteorology & Oceanography al 
New York University 

New York, New York 10453 

Attny = Prot. AnD). Kirwan il 


Director 1 
Lamont Geological Observatory 

Columbia University 

Palisades, New York 10964 

Attn: Dr. Takash Ichive iL 


Director all 
Hudson Laboratories 

145 Palisade Street 

Dobbs Ferry, New York 10522 


Great Lakes Research Division ale 
Institute of Science & Technology 

University of Michigan 

Ann Arbor, Michigan 48105 

Attn; Dr. Vaneent EH. Nobile A. 


Addressee 


Department of Physics 
Northern Michigan University 
Marquette, Michigan 49855 


Director 

Chesapeake Bay Institute 
Johns Hopkins University 
Baltimore, Maryland 21218 
Attn: Prof. Blair Kinsman 


Director, Marine Laboratory 
University of Miami 

#1 Rickenbacker Causeway 
Miami, Florida 33149 
Attn: Prof. Eric Kraus 


Head, Department of Oceanography & Meteorology 
Texas A&M University 
College Station, Texas 77843 


Director 
Seripps Institution of Oceanography 
La Jolla, California 92038 


Allan Hancock Foundation 
University Park 
Los Angeles, California 90007 


Head, Department of Oceanography 
Oregon State University 
Corvallis, Oregon 97331 


Director, Arctic Research Laboratory 
Pt. Barrow, Alaska 99723 


Director 

SACLANT ASW Research Centre 
Viole San Bartolameo, 92 
La Spezia, Italy 


Head, Department of Oceanography 
University of Washington 
Seattle, Washington 98105 


Geophysical Institute of the University of Alaska 


College, Alaska 99735 


TM No. 377 


No. of Copies 


1 


Addressee 


Director 
Bermuda Biological Station for Research 
St. Georges, Bermuda 


Director 

Hawaiian Marine Laboratory 
University of Hawaii 
Honolulu, Hawaii 96825 


President 
Osservatorio Geofisico Sperimentale 
Trieste, Italy 


Department of Engineering 
University of California 
Berkeley, California 94720 


Applied Physics Laboratory 
University of Washington 

1013 N. E. Fortieth Street 
Seattle, Washington 98105 


Physical Oceanographic Laboratory 
Nova University 

1786 S. E. Fifteenth Avenue 

Fort Lauderdale, Florida 33316 


Director 

Ocean Research Institute 
University of Tokyo 
Tokyo, Japan 


Marine Biological Association of the United Kingdom 
The Laboratory 

Citadel Hill 

Plymouth, England 


Serials Department 
University of Illinois Library 
Urbana, Illinois 61801 


New Zealand Oceanographic Institute 

Department of Scientific and Industrial Research 
P. 0. Box 8009 

Wellington, New Zealand 

Attn: Librarian 


10 


EMGNO FS yar 


No 


. of Copies 


1 


Addressee 


Director 

Instituto Nacional de Oceanographia 
Rivadavia 1917-R25 

Buenos Aires, Argentina 


Lieutenant Nestor C. L. Granelli 
Head, Geophysics Branch 
Montevideo 459, 4° "A" 

Buenos Aires, Argentina 


Oceanographische Forschungsantalt der Bundeswehr 
Lornsenstrasse 7 
Kiel, Federal Republic of Germany 


Underwater Warfare Division of the Norwegian Defense Research 
Establishment 
Karljohansvern, Horten, Norway 


Department of Geodesy & Geophysics 
Columbia University 
Cambridge, England 


Institute of Oceanography 
University of British Columbia 
Vancouver, B. C., Canada 


Department of the Geophysical Sciences 
University of Chicago 
Chicago, Illinois 60637 


Coastal Engineering Laboratory 
University of Florida 
Gainesville, Florida 32601 


Marine Science Center 
Lehigh University 
Bethlehem, Pennsylvania 18015 


Dr. W. Krauss 
Institute Fur Meereskunde 
Universitat Kiel 
Hohenberg Strasse 2 
Kiel 
Federal Republic of Germany 


alle 


TM No. 377 


No 


. of Copies 


TM No. 377 


Addressee No. of Copies 
Institute of Geophysics 1 


University of Hawaii 
Honolulu, Hawaii 96825 


Department of Geology & Geophysics i 
Massachusetts Institute of Technology 

Cambridge, Massachusetts 02139 

Attn: Prof. William von Arx aL 


Division of Engineering and Applied Physics AL 
Harvard University 
Cambridge, Massachusetts 02138 


Department of Geology dL, 
Yale University 
New Haven, Connecticut 06520 


Westinghouse Electric Corporation 1 
1625 KiStreet. N. Wi 
Washington, D. C. 20006 


Director dL 
Department of Meteorology 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139 
Attn: Prof. Erik Mollo-Christensen 
Attn: Prof. Delbar Keily 

Attn: Prof. Henry Stommel 


PRR 


Dr. E. A. Earlston Doe aE 
Bedford Institute of Oceanography 

Dartmouth, Nova Scotia 

Canada 


Mr. Henry Charnock al. 
National Institute of Oceanography 

Wormley, Godalming 

Surrey, England, U.K. 

Attn: Mr. Norman Smith AL 


Director all 
Ordnance Research Laboratory 

Penn State University 

University Park, Pa. 16801 


12 


UNCLASS IFIED 
Security Classification 


DOCUMENT CONTROL DATA - R&D 


(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified) 
1. ORIGINATING ACTIVITY (Corporate author) 2a. REPORT SECURITY CLASSIFICATION 


UNCLASSIFIED 


Naval Underwater Weapons Research and Engineering 
26. GROUP 


Station, Newport, R. I. 


3. REPORT TITLE 


OBSERVATIONS OF PARTICLE MOTIONS IN OCEHAN WAVES 


4. DESCRIPTIVE NOTES (Type of report and inclusive dates) 
(2 Volumes ) 


5. AUTHOR(S) (Last name, first name, initial) 


Shonting, David H. 


6. REPORT DATE - a€. TOTAL NO. OF PAGES 7. NO. OF REFS 
Suny 20er ee 


8a. CONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUMBER(S) 


b. PROJECT NO. T No. 377 


ce. Task Ass ignment No. 9b. OTHER Wh FXO NO(S) (Any other numbers that may be assigned 


RU22 -2E-000/219 1/R104-03-01 thie report 


d. 
10. AVAILABILITY/LIMITATION NOTICES 


Distribution of this report is unlimited. 


11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY 


NUWS - NOSC 


13. ABSTRACT 


Ducted impeller wave meters were suspended from the Buzzards Bay Entrance 
Light Station to measure particle motions in wind waves at various depths 
beneath the free surface. The motions recorded display quasisinusoidal oscil- 
lations having an approximate 90° phase shift between the horizontal and vertical 
velocity components that lie normal to the wave crests. The wave kinetic energy 
associated with the variances in the wave motions shows a strong depth attenu- 
ation, but this attenuation is not as great as the exponential energy decrease 
exhibited by a classical trochoidal wave. Integrals of the wave kinetic energy 
contained in the water column were approximately equal to the estimated potential 
energy of the waves. 


DD .59%". 1473 UNCLASSIFIED 


Security Classification 


UNCLASS IF TED 
Security Classification 


KEY WORDS 


Ocean Waves 
Oceanographic Research 
Sea Surface 

Wave Meters (ocean) 
Wave Motions 

Wind Waves 


INSTRUCTIONS 


1. ORIGINATING ACTIVITY: Enter the name and address imposed by security classification, using standard statements 
of the contractor, subcontractor, grantee, Department of De | such as: 
fense activity or other organization (corporate author) issuing (1) 
the report. 


2a. REPORT SECURITY CLASSIFICATION: Enter the over- 
all security classification of the report. Indicate whether 
“‘Restricted Data’’ is included. Marking is to be in accord- 
ance with appropriate security regulations. 


2b. GROUP: Automatic downgrading is specified in DoD Di- 
rective 5200.10 and Armed Forces Industrial Manual. Enter 
the group number. Also, when applicable, show that optional 
markings have been used for Group 3 and Group 4 as author- 
ized. 


3. REPORT TITLE: Enter the complete report title in ali 
capital letters. Titles in all cases should be unclassified. 
If a meaningful title cannot be selected without classifica- 
tion, show title classification in all capitals in parenthesis 
immediately following the title. 


4. DESCRIPTIVE NOTES: If appropriate, enter the type of aes 


report, e.g., interim, progress, summary, annual, or final. — If the report has been furnished to the Office of Technical 
Give the inclusive dates when a specific reporting period is Services, Department of Commerce, for sale to the public, indi- 


**Qualified requesters may obtain copies of this 
report from DDC.’’ 


(2) ‘*Foreign announcement and dissemination of this 
report by DIC is not authorized.”’ 


(3) ‘*U. S. Government agencies may obtain copies of 
this report directly from DDC. Other qualified DDC 
users shall request through 


” 


“*U. S. military agencies may obtain copies of this 
report directly from DDC. Other qualified users 
shall request through 


(5) ‘All distribution of this report is controlled Qual- 
ified DDC users shall request through 


” 


covered. cate this fact and enter the price, if known 
5. AUTHOR(S): Enter the name(s) of author(s) as shown on 
or in the report. Enter last name, first name, middle initial. 
If military, show rank and branch of service. The name of 
the principal author is an absolute minimum requirement. 


11, SUPPLEMENTARY NOTES: Use for additional explana- 
tory notes. 


12, SPONSORING MILITARY ACTIVITY: Emer the name of 
the departmental project office or laboratory sponsoring (pay~ 
ing for) the research and development. Include address. 


13. ABSTRACT: Enter an abstract giving a brief and factual 
summary of the document indicative of the report, even though 
it may also appear elsewhere in the body of the technical re- 
port. If additional space is required, a continuation sheet shall 
be attached. 


It is highly desirable that the abstract of classified reports 
be unclassified. Each paragraph of the abstract shall end with 
an indication of the military security classification of the in- 
formation in the paragraph, represented as (TS), (S), (C), or (U). 


6. REPORT DATE: Enter the date of the report as day, 
month, year; or month, year. If more than one date appears 
on the report, use date of publication. 


7a. TOTAL NUMBER OF PAGES: The total page count 
should follow normal pagination procedures, i.e., enter the 
number of pages containing information 


7b. NUMBER OF REFERENCES: Enter the total number of 
references cited in the report. 


8a. CONTRACT OR GRANT NUMBER: If appropriate, enter 
the applicable number of the contract or grant under which 
the report was written. 


8b, 8, & 8d. PROJECT NUMBER: Enter the appropriate 
military department identification, such as project number, 
subproject number, system numbers, task number, etc. 


9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi- 
cial report number by which the document will be identified 
and controlled by the originating activity. This number must 
be unique to this report. 


There is no limitation on the length of the abstract. How- 
ever, the suggested length is from 150 to 225 words. 


14. KEY WORDS: Key words are technically meaningful terms 
or short phrases that characterize a report and may be used as 
index entries for cataloging the report. Key words must be 
selected so that no security classification is required. Identi- 
fiers, such as equipment model designation, trade name, military 
project code name, geographic location, may be used as key 
words but will be followed by an indication of technical con- 


Elbe CIS EIAS SEBO SOE EYS 1 OO saat BCE) text. The assignment of links, rales, and weights is optional. 


assigned any other report numbers (either by the originator 
or by the sponsor), also enter this number(s). 


10. AVAILABILITY/LIMITATION NOTICES: Enter any lim- 
itations on further dissemination of the report, other than those 


DD °°. 1473 (BACK) a ee ee 


Security Classification 


Gal sdISSVTONN 
10-€0-00 N/T 
617/000-4z-72NU 
“ON WawusIssy ysey 


"Hq ‘3unuoys *] 


SUOTIOW JAA 
(Ue350) SIalay DARA 
SABA PUTA 

aovjing vag 

SSAEA UBIIO 


yoivas 
-ay ITydv3douvs99 


Gal saISSVTIONN 
10-£0-¥00U/T 


61Z/000-4z-c7Nnu 
“ON awusIssy ysey 


*H “qd “3unuoys *] 


SUOTIOW aAEM 
(Uw390) SJaIa-W 2AEA 
SoAeH PUA 

aovjing Bas 

SIABA ULIDO 


yoseas 
-dy ItydesdouraI9 


SABA JY) O} [EUIJOU aT] IVY) SJUQUOdWOD AITDO[aA 
JeoTzIaA pue [eIUOZTIOY ayi UIaMIAq AFTYS aseyd (06 
aiewrxoidde uv Julavy suotie,]Ioso [eprosnursisenb 

Avjdsip papsooaI suonow ayy “aovjins aajj ay) Yleau 
-29q syidap snorievA ie SoAemM PUTA UT SUOTIOW a[ITIFed 
amnseauw 0} UOTIEIS IYZIY sdueuW Avg splezzng ay) 
wojj papuodsns aJam sJalow aAvA\ Jajjadwr paiong 


GaIsdISSVIONN 


‘ddgog - (saorpuaddy) Z “Joa ‘ddgZ€ - T “JOA ‘L9G 
Ajn{ *Suruoys "pH °qd 44 ‘CIOA 7) SHAVAN NVA 
NI SNOLLOW FIOLLUVd JO SNOILVAUASHO 


(LLE “ON WL) 
"Ty ‘Nodmay ‘uoreiy 
Suljooulsuq pue yoiveasay suodeay JaieMJapuy) [een 


ARM JY) O} [EWIOU aTT Jey] SJUaUOdUIOD AITIO{9A 
Jeoraaa pur jeIuOZTIOY ayI UIaMmiaq AsTYS aseyd (06 
aiewrxoidde uv Juravy suore]Ioso [eprosnurstsenb 

Av[dstp papioda1 suotjow ayy *advjIns 3a3j ay) YoU 
-2q syidap snorsea Jv SaAuM PUIA Ul sUOTIOW aporaTed 
aimsvaw 0} uOTIEIS IYSIY 9DuvIIUq Avg splezzng ay 
wo3j papuadsns ajam siajaw aAem Jayjedwi pajiong 


daIsaISSVTONN 


“ddoog - (saorpuoddy) z "Jon ‘ddgZ€ - IT “10A ‘L9GI 
Ajnf{ -dunuoys “Hy “qd 4q ‘(OA Z) SHAVM NVAOO 
NI SNOILLOW AIDILUVd AO SNOILVAYASAO 


(LLE “ON WL) 
"Ty ‘uodmay ‘uones 
Zursaaurguq pure yseasay suodvay Jalvmiapuy) [eAeN 


dal aISSVIONA 


10-€0-¥O0U/T 
612/000-4z-77NU 
‘ON JuoWUdISSY 4Se] 


‘Hq ‘3unuoys *] 


SUOTIOW ABH 
(uwa50) sJaiap 2AeK 
SaAeK PUTA 

BORING vas 

SAE ULIIO 


yoivas 
-oy D1ydeidours0Q 


daldIssVTONA 


10-€0-FO0U/T 
617 /000-4Z-77NU 
‘ON JuaWUISSY YsSeET 


‘Hq ‘3umuoys ‘| 


SUOTIOW SAE A 
(uw3a50) SIaIaPY DAL A\ 
SATA PUTA 

aovjing vas 

SOAR ULIIO 


yoivas 
-ay ITydess0urs99, 


SABA JY) O} [BWIOU at] JY) SJUaUOdWOD AITD0[3A 
[eoaA pue [eIuOZTIOY ay) UIIAIaq IjIYS aseyd 006 
aiewrxoidds ue Suravy suoriep[Ioso |eprosnurstsenb 

Avjdstp papsooas suoijow ayy ‘eovjms 3a3j ay) YIwou 
-aq syidap snoriea Je SOAVM PUTA UT SUOCTIOW a[ITIed 
amMseaw 01 vOTIIS I143I'T aDULIIUY AEG SplBzzng 243 
wo3j papuadsns ajam siajaw aAvm Jayjeduir pa3ong 


dal sISSVTONN 


“ddgg€ - (sactpuaddy) Z "Joa ‘ddgz€ - T “19A “L9G6T 
Ataf ‘3uruoys *H “Gd 4q “(TOA 7) SAAVA NV3DO 
NI SNOLLOW AIDILUVd AO SNOILVAUASAO 


(LLE “ON WL) 
‘T 'y ‘uodman ‘uoresg 
Zuljaaulsuq pue ydivasay suodva,, JoIwWAIIPUL) [EABN 


DAVA JY) O} [BUIIOU aT] JY? SJUaUOdWOD AITIO[IA 
]Bo1IaA pue [eIUOZTIOY ay2 UsaMIaq IsTYS asvYd 06 
ajvwrxoidde uv Juravy suores[I9so [eprosnurstsenb 

Avjdstp papsiodai suonow ayy *a5ejins 393; ay} yeou 
-9q syjdap snorseA 1v S2AvA PUIA UT SuOTIOW a[ITIIed 
aInsvaw 0} UOTIFIC I49I'T 2oueIIUY AEG Splezzng sy 
wojj papuadsns ajam siajaw aAeM Jay[adur psiong 


dgaIdISSVTONN 


ddoo€ - (saotpuaddy) Z “Joa ‘ddQZE - I “IOA “L961 
4jn{ *3unuoys “y *q 4q “(TOA Z) SAAVA NVAD0 
NI SNOILOW AIDILUVd AO SNOILVAUASAO 


(LLE “ON WL) 
"Ty fuodmay ‘uoneis 
ZutJaaursuq pus ydseasay Ssuodes, JoIwMIopuL) [ABN 
\ 


*saaem ay) jo Agiaua [vijuaiod paiewlisa ayi 03 |enba 
Ajaiewrxoidde a3am uwnjoo JolvM ay) UT pauTeIwos 
ABJaUD DTIDUTY DAVA |i JO S[eIdoIUy *aAeM [EPIOYyOII 
JeoIssepo ev Aq paiqryxs aseoisop Adsiaua [etuauodxa 
ay) se jvoj3 sv i0U ST UOTIENUA|IIL Sty) INq ‘UOTIeNUaNL 
yidop Suois v SMOYs SUOTIOW JAVA JY) UT SadUETIEA 
ay) yaTM podvroosse ADIOUa DIJOUIyY BAEM DY], “SIsaI5 


*saaem ay) jo A3jaua [vIIUaI0d pairwiisa ayi 03 Tenba 
Ajayewrxoidde asa wwnyood JaIwM ay] UT pouTeIUOS 
ABIJaUS ITIIUTH BALA dai JO S[vIdaIUT “aAvA [EpTOYyIOII 
Jeorsseo e Aq palqryxa asvaisap Adiaua [vluauodxe 
ayi sv ivas3 se ou Sf UOTIENUAIe SITY) ING ‘UOTIVQUaNeE 
yidap Zuois @ SMOYS SUOTIOW DALAM OY} UT SoDUeTIVA 
ay) yIIm paiersosse AZjaua S11aury aAeM DY] *S1S3ID 


*soaem ayi Jo ASiaua [euaiod paieuitisa ay) 03 [enba 
A[aiewtxosdde ajam uwnjoo Jaivm ay) UT poureiuoOS 
A¥siaua I1IAUTY DAUM JY] Jo STeIFaIuy] “aAeM [EproysoN 
[eorsseyo vw Aq paiqryxa aseoioap Adiaua [eriuauodxa 
aya sv qvasd sv 10U ST UOTIENU|AIIY STYy) ING ‘UOTIENUDIIV 
yjdap duos ev SMOYs SUOTIOW DATA ay UT SaduETIEA 
ay) YIM paieidosse AZiaua O1JaUTy DAE BY] “SIsaI5 


*saauM ayi jo Adiaua [eTuaIod paiewtisa ay 03 [enba 
Ajaiewrxoidde 339M uuIn[OS JajeVM ayy UT pauTeju0S 
ABsJouUa ITIUTY DAUM JY JO S[eIZalU] “aAeM [EploysoI 
Jeotssepo e Aq pairqryxa asevaisap Adiaua [eljuauodxa 
ay) se jvaid sv OU ST UOTIENUAaNe STYy3 INq ‘UOTIENU|IIL 
yidap duos e sMOYs SUOTIOW DALAM JYI UT SadueTIEA 
ay) yTM parersosse AsJaua STI9UTy BAVA AY, *S3SaIO 


dalsISSVIONN 


10-€0-¥00U/T 
61Z/000-3z-77nu 
“ON JUawUsIssy ysey 


"H ‘qd ‘3unuoys 


suOTIOW aAuK 


» (UBID0) SIaIaW aAeA 


SdAEA PUTA 
aoujing vag 
_SPAEA UEZIO 


ydivas 
-ay I1ydv3Z0uKva3sQ 


Gal dISSVTONN 


- 10-€0-¥00U/T 
61Z/000-4z-77NU 
“ON JUaWUSISSy y4sE] 


"Hq ‘3upuoyg 


SUOTIOW JAE 
(UBa90) SJaIa-W AEA 
SoAeM PUTA 

aovjing vas 

SAE ULZIO 


yoieas 
-2yY I1ydesZouvzI9 


BABA ay) O} [VWIJOU aT] IBY SJUaUOdWOD AITD0;aA 
Jeo13IaA pue [eIuoOZIIOY ayi UdaMIAq ITYS aseyd 06 
ajvwrxoidde uv Julavy suole]]19so |eprosnurstsenb 

Av|[dstp papjodai suoliow ayy *aoejins gajj ay) yIeau 
-9q Syidap SNotjeA Je SdAeM PUTA UT SUOTIOW a[TIFed 
aIMsvaw 0} UOTIEIS ISI] BDuLIIUY Aeg splezzng ay) 
wojJj papuadsns aJam sJajaw aavM Jatjadwt paiong 


dalsdISSVIONN 


*ddooe - (saotpuaddy) Z "Jon ‘ddgzé - 1 “TOA ‘L961 
4tn{ -dunuoys *H *q 4q ‘(CIOA Z) SHAVAN NVAOO 
NI SNOLLOW F1IOILUVd JO SNOILVAUASAO 


(LLE “ON WL) 
"Ty ‘uodman ‘uoneis 
Surjaaurguq pue yosvasay suodvayy JaiwMJapuy [eaey 


SABA 9Y) 01 [PWIOU aT] Jey) SJUaUOdWIOD A3TDOT[aA 
JeoTaaA puv eIUOZTIOY ay) UdaMI9q IJTYS aseyd 06 
aivewrxoidde ue Zuravy suotjey[Ioso [eplosnursrsenb 

Ae[dstp papsoda3 suotjow ayy *advjins 3233 ay3 YyIeaU 
-2q syidap snorieA ie SaAeM pUIM UI SUOTIOW aTITIEd 
amMseaw 0} UOTIEIS IY49IT aDuvIIUq Aeg Splezzng ay 
wojj papusdsns ajam sjajaw aAem Jat[adwi pa3ong 


daIlsdISSVTONN 


*ddooe - (saotpuaddy) z "Joa ‘ddgz€ - 1 *19A ‘L96T 
Atnf{ “Bunuoys *H “Gq 4q “(*[OA Z) SHAVA NVADO 
NI SNOILOW AIDILUVd JO SNOILVAUASAO 


(LLE “ON WL) 
‘Ty ‘Nodmay ‘uones 
ZutJaaurzuq pue yseasay suodvay JalemJapuy [eAeN 


dal AISSVIONN 


10-€0-YO0U/T 
61Z/000-4z-77NU 
‘ON JUaWUSISSY ySeT] 


“H ‘qd ‘8unuoys 


SUOTIO!W ABA 
(Uva50) SJdIa-W FAEAL 
SAE PUTA 

aouvjing vag 

SIAEM UEIIO 


yoivas 
-ay I1ydessouRsIO 


Gal sISSVTONN 


10-£€0-Y00U/T 
612 /000-4z-c7nu 
‘ON JUaWUSISSYy ySET 


*H ‘qd ‘3umuoys *] 


SUOTIOW AeA 
(uea50) sJalayy JALAL 
SOAR PUTA 

aovjIng Bas 

SaAeK ULIIO 


yoievas 
-ay TydesZouesIQ9 


ABA JY) 0} [BWION at] IVY) SJU2UOdWOD AjID0[3A 
JBo1aA pue [eIuozZTIOY ay2 UdaMIaq IjIYs aseyd 06 
aiewrxoidds uv ZuraAey suole][I9so jeprosnurstsenb 

Av|dstp papiocas suoriow ayy ‘aoejms 393; ay) yIvoU 
-2q Syidap snotseA Jv SJAEM PUIA UT SUOTIOW afITIed 
amMseaw 0} UOTI¥IS 1491] aDuLIIUY ABg Splezzng oy 
woJj papuadsns aJaM siajaw aAumM Jaqjadwr paisng 


dgaIaISSVIONN 


ddoo¢ - (sastpuaddy) Z “JoA ‘ddgz€ - T “19A ‘L961 
An{ “3urnuoys “H “qd 49 ‘“(*19A Z) SHAVA NVADO 
NI SNOILOW AIDILUVd JO SNOILVAUASAO 


(ZLE “ON WL) 
"Ty ‘Modman ‘uorg 
Surjaaulsugq pue yivasay suodea, JowmIapuUs) [ABN 


ABM YI O} [BUIIOU aI] Jey? SJUaUOdWIOD AITD0[24 
JeoIWaA pue [eIUOZTIOY Jy} UZ2MI9q IJTYS osuYd 0G 
aiewrxosdde ue Juravy suonel[I9so [eprosnurstsenb 

Av|dsip papsJocal suotjow ay] “a ejINs 393j 9y3 Yeou 
-2q Syjdap SNOTIBA JB S2AEM PUIA UI SUOTIOW a[I1I7ed 
dINSvaUW O} UOTIEIS IY4ZITY 2duBIIUY A¥g spJEezzng ay? 
wo3j papuadsns 333M sjajaw aA¥mM Ja{[adwr p219nqg 


GaIsdISSVTONN 


*ddoo€ - (sastpuaddy) Z “Jon ‘ddQZe€ - I “1°A ‘L961 
Anf{ “duruoys “H *q 4q ‘(OA Z) SHAVAA NVADO 
NI SNOILOW AIDILUVd JO SNOILLVAUASEO 


(ZLE “ON WL) 
"Ty Swodmay ‘uoneis 
Surjaour3uq pus ydseasay Suodes, Joemsiapuy [eaeN 
\ 


*saaem ay) Jo Adjaua [viuaiod paiewtisa ay) 03 [enba 
Ajaiewrxoidde ajam uwnfoS JaiwM ay) UT pouTeqod 
ABjaUd DIUTy DAVM ay} JO S[eISoIUy *aAeM [EproysIoN 
Jecrssepo ev Aq paiqryxa asvoisop Adsjaua jeluauodxa 
ay) se jvaj3 sv JOU ST UOTIENUA|IIL SITY) IN ‘UOTIENUaIIL 
yidop duoj3s we SMOYS SUOTIOW JAE JY) UT SIOUETIEA 
ay) yITM poivrsossu AdJOUD DTIDUIy VAEM DY], *S3SsaID 


*saaeM ay) jo A8iaua [vuaiod paiewisa ayi o1 jenba 
Aj aiewrxosidde diam uuNnj[OS JaIwM ayi UT pauTe3u0S 
AFJauUS IIauUTy VACM ay} Jo S[vidaIu] “aAeM [eproysoI3 
yeorsseo e Aq paitqryxa aseaisap Ad1aua [eljuauodxa 
aya se vad sv OU SI UOTIENU|IIE STYy2 Inq ‘UOTIENUANe 
widap Suoms e SMOYS SUOTIOW JAEM YI UT SodUeTICA 
ay) YIM paivisosse Adiaua J1j9UTy aAeM DY], “SIsaID 


*saaea aya Jo AZiaua [e1Uaj0d paieuisa ayy 03 [enba 
Ajavewrxosdde alam uwnjoo Ja3em ayy UT pouTeju0s 
ABsJaua I1IDUTY DAUM JY) JO S[eIFZaIU] “aAeM [EpToYysoN 
yeorsseyo ev Aq paiiqryxa aseaioap Adiaua [eruauodxa 
ay) sev ivasd sv jOU ST UOTIENUAIIe STYyI ING ‘UOTIENUaNE 
yjdap 3uois e sMoYs SUOTIOW DAEM JY) UT SadULTIEA 
ay). yim paieroosse AdJaua S13JaUTy AEM SY], “SISaID 


*saaeM ayi jo Adiaua [eIUaI0d paiewtisa ayy 03 ;enba 
Ajaiewrxoidde 33am uuinjod Ja3eM ay UT pauTeIuoS 
AJsJaUa ITIDUTY AAEM JY} JO S[VIdaIU] “aAeM [eploysoN 
Je2tsse[o e Aq pairqryxa aseaioap Adsaua [etuauodxa 
ay) sev jeal3 sv JOU ST UOTIENUAIe STYI Ing ‘UuOTIENUAIIL 
yjdap 3uois & SMOYS SUOTIOU DAM JY) UT SaduLTIEA 
ay) YIM parersosse AdJaua 1I9UTy 2ACM SY, “SIS2ID 


War) 


